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SUMMARY

Continuous air monitoring and breathing zone sampling were
conducted in Stradley and Igloo-type ammunition magazines during
the use of four different diesel-powered forklifts: a Still
forklift powered by a Deutz (F3L912W) engine, a Hyster forklift
powered by an Isuzu (C240) engine, a Hyster forklift powered by a
Perkins (4.154) engine, and a Baker forklift powered by a Deutz
(F3L912W) engine. These tests were conducted from July 23 to
August 3, 1984. The monitoring was conducted during both load-
ing/unloading and warehousing operations. Ambient windspeed,
ambient and magazine temperature, and magazine ventilation air-
flow were also measured.

Breathing zone exposures were determined for total suspended
particulate (TSP), polycyclic aromatic hydrocarbons (PAH), sul-

2 2), nitric oxide (NO), nitrogen

fates (SO4- ), sulfites (803-
dioxide (Noz), carbon monoxide (CO), and odorants. Continuous
monitoring of the indoor air quality was performed for the analy-
sis of sulfur dioxide (SOZ), CO, NO, total oxides of nitrogen
(Nox), and magazine ventilation airflow.

The objectives of this investigation (identified as Phase
IT) were to supplement information previously collected by the

U.S. Army Ft. Belvoir Research and Development Command during
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tests conducted in November and December of 1983 (Phase I)l. The
primary objectives of the Phase I investigation included: 1) to
determine the ability of the forklift operations to meet Federal
Occupational Safety and Health Administration (OSHA) standards
and American Conference of Governmental Industrial Hygienist
(AGIH) exposure limits, and 2) assess the relative "cleanliness"*
of the diesel-powered test vehicles.

The results of the Phase II investigation indicated that the
impact of diesel exhaust on workplace exposures and magazine air
guality depend on the type of operation being performed, the type
of magazine encountered, and the forklift vehicle selected for

use.

Of the two ammunition-handling operations investigated, the

warehousing operations present the greater potential risk to the

L e 1_‘ N Py T BT
Pl v C . . A .
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health and safety of Army personnel. This result verified the
experience gained during the Army's Phase I testing effort.
Of the two magazines in which diesel forklift operations

were tested, the smaller single-door, igloo-type structure pro-

L. B . * ’,' *
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duced higher concentrations of diesel emissions and more severe
breathing-zone exposures than did similar operations in double-
door, Stradley-type magazines.

Based on the results of the continuous air monitoring, a

performance hierarchy can be established for the vehicles tested.

P P T ‘)
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The order of this hierarchy as arranged in decreasing order of K

* Performance as it is described here refers to the relative i
"cleanliness" of the vehicles as determined by their impact on y
magazine air quality. B
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performance* is: 1) the Still-Deutz vehicle, 2) the Hyster-Isuzu

' vehicle, 3) the Hvster-Perkins vehicle, and 4) the Baker-Deutz
vehicle,**

When compared with the OSHA permissible exposure limits

(PEL's) and ACGIH threshold limit values (TLV's), breathing-zone
exposures and magazine air quality data indicated that under the
operating conditions, ventilation, and temperatures experienced
during the tests; nitric oxide, nitrogen dioxide, and carbon
monoxide may pose a health risk to Army personnel in small struc-
tures similar in size and design to the Igloo-type magazines.
This risk was particularly evident when the Hyster-Perkins and
Baker-Deutz vehicles were being used. In a similar sense, the
test data indicate that (given similar test conditions) the use

! of the Still-Deutz and Hyster-Isuzu vehicles in Stradley-type

structures will not cause OSHA PEL's for the substances tested to

be exceeded.

* Performance as it is described here refers to the relative
"cleanliness" of the vehicles as determined by their impact on
magazine air quality.

** The validity of the Baker-Deutz vehicle's position in this
hierarchy may be guestionable; during the conduct of the test
the Army was concerned that the vehicle may have functioned
improperly. This belief was based on the fact that the Baker-
Deutz vehicle had the same model Deutz engine as the Still-
Deutz vehicle and was expected to perform in a2 similar manner.

e R
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I. INTRODUCTION

The U.S. Army currently uses gasoline- and electric-powered
forklift trucks on a broad scale for ammunition handling opera-
tions in both the United States and Europe. Until a recent
change in regulations, only electric-powered forklifts could be
used inside ammunition storage magazines. Gasoline trucks have
generally been used for all operations outside the magazines
because of their speed and mobility advantages over electric
trucks. The need to reduce or eliminate the problems associated
with supporting electric forklift use at remote locations in
Europe, and the need to improve the Army's ability to move
large quantities of supplies rapidly, prompted an investigation
to determine if electric forklifts could be replaced by diesel
forklifts. As part of this investigation, a program was begun
to evaluate the safety of exhaust emission levels inside ammuni-
tion magazines during the movement of large quantities of ammu-

nition with diesel-powered forklifts.

OBJECTIVES

The objective of the investigation cited in this report
(referred to as Phase II) is to supplement the initial testing
conducted in November and December of 1983.1 During that ini-
tial effort (Phase 1) indoor air monitoring data was collected

to assess the exhaust emission characteristics and health hazard

1




potential of two "low emission" diesel-powered forklift trucks:
a Still forklift powered by a Deutz (F3L912W) engine and a
Hyster forklift powered by a Perkins (4.2032) engine. The Phase
II investigation includes an assessment of the diesel exhaust
emission characteristics and hazard potential from the same
Still forklift, a Hyster forklift powered by a Perkins (4.154)
engine, a Hyster forklift powered by an Isuzu (C240) engine and
a Baker forklift powered by the Deutz (F3L912W) engine.

The Phase I investigation was designed to determine whether
the Still and Hyster vehicles could operate safely in a partial-
ly enclosed area for an amount of time compatible with both
normal and military mission requirements. To meet these objec-
tives, PEl Associates, Inc. (formerly PEDCo Environmental, Inc.)
conducted a series of indoor air monitoring tests at the U.S.
Army Defense Ammunition Center and School near Savanna, Illi-
nois.1 These tests evaluated the impact of exhaust emissions
from diesel-powered forklift trucks on indoor air quality in
Stradley-type ammunition storage magazines.

A perceived weakness of the Phase I investigation was the
unfortunate weather conditions encountered during the test peri-
od. Average daily wind speeds were recorded at velocities of 20
mph with gusts up to 30 mph with ambient temperatures ranging
between 12° and 40°F., Because the exact effect of these ex-
tremes on key test parameters, in particular, the engine per-
formance and magazine air change rates could not be determined
with certainty, it was recommended that another set of tests be
conducted under less severe weather conditions.1 It is this

2
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Oxides of Nitrogen--

A Bendix 8101-B chemiluminescent analyzer was used for the
continuous monitoring of NO and N02. The measurement principle
of this instrument is based on the chemiluminescent reaction
between NO and ozone (03) according to the reaction:

NO + O3 - NO2 + O2 + HV

Light emissions result when the electronically excited NO2 mole-
cules revert to their ground state. A catalytic converter is
used tu convert NO2 present in the air sample to NO before it
enters the reaction chamber. The amount of NO2 is then deter-
mined by subtracting the NO measurement from the NOx measurement.
The analyzer provides automatic cycling through the NO and NOx
measurements, and the output difference (N02) is updated after
each cycle. The initial operating ranges used during the testing
were 0 to 0.5, 1, and 2 ppm; with a minimum detection limit of
0.005 ppm. Because oxides of nitrogen concentrations above 2.0
ppm were observed, the instrument was adjusted to read concentra-
tions up to 8.5 ppm during the second day of loading/unloading
operations. During warehousing operations where higher concen-
trations are expected, the instrument's range was increased to

17.5 ppm full scale. This instrument is certified by the EPA as

a reference method for the measurement of oxides of nitrogen.

DATA COLLECTION
Continuous and breathing zone data were collected for both

loading/unlocading and warehousing operations in two Stradley and

16
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obtained a sample(s). The instrument's response was then trans-

ferred to a strip chart for recording. The simplicity and the
singular nature of the sampling task at Igloo-type magazines
(NO/NOx analysis only) did not require use of the computer-
controlled sampling system presented in Figure 2.

A description of each continuous monitoring instrument and
its limits of detection are presented in the following subsec-

tions.

Sulfur Dioxide--
A Beckman Model 953 fluorescent analyzer was used for the

continuous monitoring of SO The measurement principle of this

¢
instrument is based on the fluorescence of 502 molecules when
irradiated with ultraviolet light. Operating ranges of 0 to 1.0,
0 to 20.0, and 0 to 6.0 ppm SO, were obtained with a minimum
detection limit of 0.005, 0.010, and 0.030 ppm respectively.
This instrument is certified by the U.S. Environmental Protection
Agency (EPA) as a reference imethod for the measurement of sulfur

dioxide.

Carbon Monoxide--

A Bendix Model 8501-5CA analyzer was used for the continuous
monitoring of CO. The measurement principle of this instrument
is based on the absorption of infrared radiation by CO in a
nondispersive photometer. An operating range of 0 to 50 ppm CO
was achieved with a minimum detection limit of 0.5 ppm. This
instrument is certified by the U.S. EPA as a reference method for

the measurement of carbon monoxide.

15
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through %-inch I.D. Teflon tubing at a rate of 10 liters/min. At
the mobile laboratory each sample line was connected to a two-way
solenoid valve. The solenoid is open when in an unactivated
condition and is then purging the sampling lines. Each valve
setting is activated by the programmed data-acquisition system in
a predetermined time sequence. Prior to activation, the valve to

the manifold is closed and the valve to the exhaust is opened,

thus allowing a constant flow of sample air through the sample

lines. Upon activation, the valve to the exhaust is closed and

i iR

the valve tc the manifold is opened. Sample air is passed

through the manifold at a rate of 10 liters/min. This system a

permits the air in the manifold to be changed at least once every j

5 seconds. The analytical instruments then draw air from the 1

manifold. After a programmed sampling period, the computer

activates the valves on the next sampling line, while returning i
.

the first sample line to a purge condition. In addition to the

monitoring of magazine air, the data on the velocity through
each magazine's ventilation duct were collected and stored by the
computer system. Wind speed, wind direction, and temperature in
and out of the magazines were recorded on strip charts.

The continuous monitoring system used in the Igloo-type
magazines consisted of a simplified, one instrument system. Air
samples from the magazine were carried through % inch I.D. Teflon
tubing at a rate of 10 liters/min. The tubing lead to a manifold

from which a single continuous NO/NOx analytical instrument

14
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the necessary apparatus would have seriously interfered with
normal working activities and may have affected the safe opera-
tion of the forklift vehicles. To avoid these problems, sampling
apparatus were mounted directly on the forklift trucks, but situ-
ated so the point of collection for each apparatus was located in
the breathing zone of the forklift operators.

Continuous Monitoring

As in the case of the Phase I investigation, a temperature-
controlled mobile laboratory was positioned next to two Stradley-
type ammunition magazines and was used to house the data-acquisi-
tion computer and continuous-monitoring equipment. A continuous
sampling system was used in conjunction with a programmable
solenoid switching mechanism to collect air within the magazine.
Air samples from locaticrs inside the magazines were carried
through Teflon sample lines to the programmable switching system
located within the mobile lab. The continuous monitors drew air
samples from a common manifold to analyze the air for concentra-
tions of CO, 502' NO and NOX. Data were collected by a computer-
ized data-acquisition system backed up by strip chart recorders.
A description of the operation of the computerized data-acquisi-
tion system is presented in Appendix B.

The continuous monitoring system used for the Stradley-type
magazine, was comprised of three elements: a sequential sampling
system, a bank of continuous monitors, and a computerized data-
acquisition system. A schematic representation of the sequential
sampling system is presented in Figure 2. Air samples from up to

four individual locations (two in each magazine) can be carried

12
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SAMPLING AND ANALYTICAL METHODS

A brief review of the sampling and analytical methods used
during this investigation is presented here. A more detailed
description of the methods used for breathing zone monitoring are
presented in Appendix A.

Breathing Zone (Personal) Monitoring

Breathing zone monitoring was conducted on Army personnel
involved in the ammunition handling operation. The objective of
this monitoring effort was to determine time-weighted average
(TWA) exposures to diesel exhaust components and compare these

exposures with OSHA-PEL's and ACGIH-TLV's. The sampling and

analytical methods used during the breathing zone monitoring

effort are National Institute for Occupational Safety and Health

{NIOSH) -approved techniques.6 The monitoring apparatus consisted
of real-time electronic dosimeters for CO; constant hi-flow pumps
for TSP, SOZ2 and SOSZ; and low-flow, constant-stroke pumps for

NO, N02, and PAE. Odorants were sampled using a modified DOAS

method.7 The personal sampling methods and analytical procedures
used for each exhaust component are summarized in Table 2.

The analysis of samples taken during the personal monitoring i
effort was conducted at PEI's analytical laboratory according to ;

6'7

the prescribed reference analytical methods. This laboratory

is accredited by the American Industrial Hygiene Association
(AIHA) and participates in the NIOSH Proficiency Analytical
Testing (PAT) program.

Because of the variety of collection methods required for
the personal monitoring, directly equipping Army personnel with

10
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operations during the execution of a military mission by adverse-
ly affecting morale. Final selection of exhaust components to be
tested was also based on the availability of accurate and reli-
able methods of sampling and analysis.

Table 1 presents the diesel exhaust components tested during
the Phase I investigation and their relevant health effects.
These components include both airborne particulates and gaseous
substances generated during the operation of diesel engines.

Following the results of the Phase I investigation it was
decided that carbon dioxide (COZ) and total hydrocarbons (THC)
should be dropped from consideration during the Phase II testing.
This decision was based on the relatively low toxicity of the
pollutants and the very low airborne concentrations detected
during the Phase I effort: peak CO2 concentrations were detected
at levels less than 30 percent of the OSHA standard (5000 ppm),
while THC levels were found at concentrations below 12 ppm.

Although none of the substances monitored during Phase I
were found at levels in excess of OSHA-permissable exposure
limits (PELs)> or AGCIH-threshold limit values (TLV's),? it was
considered prudent to continue testing for the more toxic con-
stituents: carbon monoxide (CO), sulfur dioxide (SOZ)’ nitric
oxide (NO), and nitrogen dioxide (NOZ).5 Strong irritants were
also reconsidered for inclusion in the Phase II testing: total
suspended particulates (TSP), sulfur acid (as sulfate 8022) and
2

sulfites (SO,

3 ).
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A sub-set of the Phase II tests were conducted in "Igloo-
type" magazines. These smaller structures represent older maga-

3 of storage space. The Igloo-type

zines having only 12,500 ft
magazine is 60 feet long, 25 feet wide and has no sidewalls. The
arched roof starts at the floor and rises above the magazine
floor to the height of 13 feet at its centerline. The single-

door opening at one end is approximately 8 feet high by 4 feet

wide.

COMPONENTS OF DIESEL EXHAUST

Toxicological research programs are currently attempting to
determine if diesel vehicle emissions have physical or chemical
properties that would make them significantly more toxic than
other combustion products associated with the use of fossil
fuels. To date, however, no unique compounds have been identi-
fied in diesel emissions that present new concerns.z Despite the
lack of conclusive research, some measurement of airborne contam-
ination was believed necessary to ensure that the diesel-powered
equipment the Army plans to purchase will not adversely affect
the health of its personnel. A number of chemical substances
were considered prime candidates for testing, based on a sub-
stance's capacity for producing: 1) a serious health hazard, 2)
having an irritant effect, or 3) generating a noxious odor.
Concern about a substance's toxic effects is obvious; the health
and safety of Army personnel are important during both normal and
combat service support operations. Irritant effects and noxious

odors are important because their presence could hinder forklift
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unloaded, transfers the load to or from a vehicle, and returns .
loaded or empty).

Warehousing operations involve the movement of ammunition,
but only within the magazine. The activity of a forklift truck
during warehousing operations is substantially different from
that during loading/unloading operations. Although the ware-
housing operation can be divided into the same three activity
modes, all three modes are performed within the magazine and load
transfer is performed twice for each load being handled.

Although any given forklift operation can vary from the two
model scenarios presented above, it is believed that these models
cover the range of all operations and thus present a reasonably
accurate picture of what most operations are likely to involve.
Figure 1 is a pictorial representation of the two model scenar-

ios.

STORAGE MAGAZINES

Unlike the Phase I effort which dealt only with Stradley-
type magazines, two different types of ammunition storage maga-
zines were considered during Phase II,.

A majority of the tests were conducted in "Stradley-type"

s 'L;;."u' P Y

magazines. These structures are large magazines with approxi-

mately 24,000 ft3 of storage space. The Stradley-type magazine

is 80 feet long, 25 feet wide, has an 8 feet high sidewall sup-
porting an arched roof whose center line is 12 feet above the
magazine's floor. The large "double door" opening at one end is

approximately 10 feet high by 10 feet wide.




II. INVESTIGATION

OPERATION OF FORKLIFT TRUCKS IN AMMUNITION STORAGE MAGAZINES

Two model scenarios were presented during the initial (Phase

I) investigation to characterize the operation and movement of
forklift trucks in ammunition storage magazines. The first,
which is described as a loading/unloading operation, is charac-
terized by the movement of supplies in and out of a magazine.
The second, which is described as a warehousing operation, in-
volves the movement or rearranging of supplies within a magazine.
The loading/unloading operation is typified by the movement
of supplies out of the magazine to waiting transport vehicles or
into the magazine from the same vehicles. The activity of a
forklift truck during loading/unloading operations can be classi-
fied into three modes: 1) movement while empty, 2) movement
under loaded conditions, and 3) activities involving load trans-
fer. During a loading/unloading operation the three modes are
each performed once while the vehicle is inside the magazine
(i.e., the vehicle enters the magazine in either a locaded or
unloaded condition, transfers the load to or from storage inside
the magazine, and leaves the magazine either loaded or empty,

depending on its mission) and once while the vehicle is outside

the magazine (i.e., the vehicle leaves the magazine loaded or
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second set of tests (Phase II) which is the subject of this

! report. -

The data from both phases of the Army's investigation are

.1

to be used: 1) tc determine the ability of the forklift opera-

tions to meet Federal OSHA standards, 2) to assess the relative

: "cleanliness" of the test vehicles, and 3) to provide a data 5

- base from which the Belvoir R&D Center could validate a predic- :

- tive model designed to estimate indoor air quality at ammunition -
magazines.

B SCOPE OF WORK

B -

The scope of work for Phase II was similar in nature to the -

Phase I effort and covered the following tasks:

a) Initial familiarization with the use of a forklift ~

truck during operations in ammunition storage maga- .

zines. K

b) Generation of a list of exhaust components to be ﬂ

g sampled and explain why each should be monitored. h
c) Development of a detailed test plan for measuring and :

analyzing each of the specified diesel exhaust compo-

nents. Determine the type of test to be used; proce-
v dures and techniques for taking air samples; and the

methodology, procedures, and equipment to be used for
e analysis and characterization of the samples taken.

d) Conduct of indoor air quality monitoring tests during
simulated ammunition handling operations at the U.S.
- Army Defense Ammunition Center and School near
- Savannah, Illinois.

e) Analysis of the indoor air quality data obtained
during the test and, where applicable, comparison it
with Federal OSHA permissible exposure limits (PELs).

h' £) Provision of technical input that can enable the Army
to determine whether a diesel-powered forklift truck,
based on its emission output, is suitable for opera-
tions in ammunition storage magazines.

3
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one Igloo-type magazines. The tests were conducted over a 10-day

. period starting on July 23, 1984, and ending on August 3, 1984.
Table 3 presents a schedule of the tests performed during the

Phase II investigation. The continuous and breathing zone data

were taken to characterize 6 unloading operations, 6 loadirg

operations and 28 warehousing operations. These 40 operational

events were monitored during 30 individual tests.

OPERATIONS IN STRADLEY-TYPE MAGAZINE !
The typical unloading/loading operation in a Stradley-type

magazine was accomplished using two magazines. Using a forklift,
404 pallets of 105 mm ammunition were unloaded from a magazine of
510 pallets (i.e., until the contents was reduced to 106 pal-
lets). The loads were transferred to a second forklift and

.' loaded into an adjacent magazine. The second magazine contained !
an initial stock of 106 pallets prior to the start of the loading
activities. This residual volume of ammunition was left in place

- in order to mimic the activities performed during the Phase I ]
investigation.* The average time for accomplishing a load-
ing/unloading operation in Stradley-type magazines was 8 hours
and 13 minutes; ranging from 7 hours and 35 minutes to 8 hours !

and 35 minutes.

'

*During the Phase I investigation only pallets containing older
90 mm ammunition were available for handling. This ammunition s
was boxed in large containers requiring more space per pallet
than the newer 105 mm ammunition. In order to keep the number
of vehicle trips in and out of the magazine constant, only 404
of the 105 mm pallets were moved during any single operation.
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The typical warehousing operation in a Stradley-type maga-
zine was accomplished by transferring pallets with a single fork-
lift vehicle back and forth within the magazine. The duration of
a warehousing operation varies greatly, depending on the purpose
of the operation and the extent of reorganization necessary. The
warehousing tests performed in Stradley-type magazines averaged 2
hours and 57 minutes, ranging from 1 hour and 5 minutes to 4

hours.,

OPERATIONS IN IGI.OO-TYPE MAGAZINES

The loading/unloading and warehousing operations performed
in Iglco~type magazines were conducted using 82 pallets of 105 mm
ammunition. During the loading/unloading operation all 82 pal-
lets were removed from or returned to the magazine. The pallets
were reorganized within the magazine during warehousing opera-
tions. The loading/unlcocading operations performed in the Igloo-
type magazine averaged 1 hour and 47 minutes, ranging from 1 hour
and 30 minutes to 2 hours and 10 minutes. The warehousing tests
averaged 1 hour and 36 minutes, ranging from 2 hours and 50
minutes to 40 minutes. This 40-minute effort did not constitute
a normal warehousing operation, since it was halted prematurely

due to the accumulation of NO and NOx inside the magazine.
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IIT. RESULTS

Four diesel-powered forklift trucks were tested during the
second phase of the investigation:

° Vehicle Number 1: a Still forklift powered by a Deutz
(F3L912W) engine

° Vehicle Number 2: a Hyster forklift powered by an
Isuzu (C240) engine

° Vehicle Number 3: a Hyster forklift powered by a
Perkins (4.154) engine

° Vehicle Number 4: a Baker forklift powered by a Deutz
({F3L912W) engine

Breathing zone results are presented in this section in their
entirety. Summaries of the continuous air monitoring data are
presented in this section, while the raw data from the tests are

presented in Appendix B at the end of the report.

BREATHING Z0ONE SAMPLES
Breathing zone air samples representative of vehicle driver
exposures were taken during each of the ammunition handling

operations. From the results of these air samples, time-weighted

3

averages were determined for comparison with OSHA-PEL's, and

ACGIH-—TLV'S.4

Sampling in Stradley-Type Magazines

Table 4 summarizes the exposure of drivers to diesel exhaust
during loading/unloading operations in Stradley-type magazines.

Exposure to five exhaust components is reported; total suspended

22
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2), sulfites (5052), nitric

particulates (TSP), sulfates (SOZ
oxide (NO) and nitrogen dioxide (NOZ)' Personal exposures to
carbon monoxide (CO) were not collected because of dosimeter
instrument malfunctions. Concentrations of polycyclic aromatic
hydrocarbons (PAH) and odorants were determined to be below the
detection limit of the analytical methods for all the samples

(see Appendix A).

Tables 5 and 6 summarize the exposure of drivers to diesel

exhaust during warehousing operations in Stradley-type magazines.

Concentrations of six exhaust components are reported in Table 5:

;2, SOSZ, NO, NO2 and CO. The carbon monoxide exposures

summarized in Table 6 are presented by time-weighted average,

TSP, SO

highest 15-minute, and instantaneous peak concentrations. PAH
and odorants were not captured in sufficient amounts for
detection by the analytical methods used.

Sampling in Igloo-Type Magazines

Tables 7 and 8 summarize the exposure of drivers to diesel
exhaust during loading/unloading operations in Igloo-type maga-
zines. Six exhaust components are reported in Table 7: TSP,
;2, 80;2, NO, NO, and CO. The carbon monoxide exposures are
summarized in Table 8 by time-weighted average, highest 15

S0

minute, and instantaneous peak concentrations. PAH and odorants
were not captured in sufficient amounts for detection by the
analytical methods used.

Tables 9 and 10 summarize the exposure of drivers to diesel

exhaust during warehousing operations in Igloo-type magazines.
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TABLE 6. BREATHING ZONE EXPOSURES TO CARBON MONOXIDE DURING
WAREHOUSING OPERATIONS IN STRADLEY-TYPE MAGAZINES
Carbon monoxide
Sampling 15 minute Peak
Vehicle type, Test duration, | Time-weighted | concentra- | concentra-
body-engine number min. average, ppm tion, ppm tion, ppm

Hyster-Tsuzu 6 210 <1.0° <1.0° <1.0°

(number 2) 8 140 2.5 2.5 17.5

9 182 2.5 5.0 20.0

29* 182 2.5 5.0 20.0
Hyster-Perkins 8 149 <1.0° <2.5° 12.5 .
(number 3) 9 185 2.5 5.0 20.0 -%
10 138 a a a 5
11 188 7.5 10.0 12.5 ]
18 108 40.0 42.5 132.5 ]
26 76 37.5 45.0 47.5 q
Baker-Deutz 13 204 37.5 57.5 110.0 X
(number 4) 18 229 30.0 40.0 155.0 B
25* 116 20.0 32.5 187.5 ~
]
|
-;1
*Indicates that the test vehicle was operating on high sulfur fuel (see ‘
Appendix C). ]
%Breathing zone concentration is below the detection limit of the instrument. g
bDa'ca was not collected due to malfunctioning of the equipment. .‘
N
1
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TABLE 8. BREATHIMG ZONE EXPOSURES TO CARBON MONOXIDE DU@ING
LOADING/UNLOADING OPERATIONS IN IGLOO-TYPE MAGAZINES

Carbon monoxide
Sampling 15 minute Peak
Vehicle type, Test duration, | Time-weighted | concentra- | concentra-
body-engine number min., * average, ppm tion, ppm tion, ppm
Hyster-Isuzu 20, 21 279 2.5 5.0 17.5
(number 2)
Hyster-Perkins | 16, 17 274 2.5 10.0 120.0
(number 3)
Baker-Deutz 23, 24 508 5.0 12.5 27.5
(number 4)

“A11 tests were performed with vehicles using low sulfur fuel (see Appendix C).

*

Sampling duration included time for start-up, length of the first test, a
short transition period, length of the second test, and close-out of the
second test. Due to the manner in which the data were collected, the sam-
pling duration could not be broken out in any greater detail.
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TABLE 10.

.......

BREATHING ZONE EXPOSURES TO CARBON MONOXIDE DURING
WAREHOUSING OPERATIONS IN IGLOO-TYPE MAGAZINES

Carbon monoxide

Sampling 15 minute Peak
Vehicle type, Test duration, Time-weighted | concentra- | concentra-
body-engine number min, average, ppm tion, ppm tion, ppm
Hyster-Isuzu 5 120 a a a
(number 2) 7 125 2.5 7.5 10.0
22 96 12.5 15.0 42.5
27* 156 5.0 12.5 22.5
Hyster-Perkins 3 68 a a a
(number 3) 15 46 12.5 20.0 117.5
Baker-Deutz 12 197 15.0 20.0 95.0
(number 4) 28* 46 50.0 57.5 2.5

*Indicates that the test vehicle was operating on high sulfur fuel (ser

Appendix C).

N0 data was collected.
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vehicle (Table 12, test 26). MNo continuous air monitoring for CO
was conducted in Igloo-type magazines.

Sulfur Dioxide

Sulfur dioxide (502) levels were determined with continuous
air monitoring instruments only. This limitation was imposed
because during the Phase I effort breathing zone exposures were
never recorded above the detection limits of the sampling and
analytical method. The continuous monitoring data indicated that
the mean test concentrations of 502 were less than 35 percent of
the OSHA-PEL. When only tests conducted with low sulfur fuel are

considered, this percentage drops to 25 percent.

Odorants
Samples of diesel exhaust were collected on Chromosorb 102
adsorbent for analysis using the Diesel Odor Analysis System

(DOAS).7 Analvsis of samples did not detect concentrations above

o
ool
Aok ol

the detection limits for any of the polar oxygenated fractions

[}
Lo

associated with noxious diesel odors. Although during some

| |

warehousing operations a slight "diesel" odor was observed by the

P )

PEI field personnel, the lack of any distinctive odor during a

A

majority of the tests agreed with the findings of the DOAS »

samples (i.e., below detection).

COMPARISON OF FORKLIFT EMISSION LEVELS

Comparison of emission levels (continuous monitoring data)

o]
lala’a

from the four diesel-powered forklifts indicates that a perform-

€«

ance hierarchy can be established among the vehicles. Although

J r
W

verv limited data were collected on the Still-Deutz vehicle due

PPNy Y
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nitrogen (NOX) readings averaged about 10 to 20 percent, a review

of the testing data (Tables 11 through 14) indicates that the
contribution of NO2 ranged from values as low as 1 percent to
values as high as 50 percent of the NOX reading. The maximum
reading: 1.55 mg/m3 (Table 14; test 5), represents only 15
percent of the OSHA-PEL and 25 percent of the ACGIH-TLV.

Carbon Monoxide

Carbon monoxide (CO) may present an exposure problem during
some operations. Although no breathing zone exposures exceeded
the OSHA-PEL, one test during a warehousing operation in an
Igloo-type magazine using a Baker-Deutz vehicle (Table 10; test
28), reached a three and one-half hour time-weighted average of
50 ppm. The ACGIH fifteen minute short-term exposure limit
(STEL) of 400 ppm was never exceeded, the maximum 15 minute
exposure was 14 percent of the STEIL (Table 6; test 13 and Table
10; test 28). 1Instantaneous peak concentrations above 100 ppm
occurred frequently during the exposure monitoring. The maximum
peak concentration of 187.5 ppm occurred during warehousing
operations in a Stradley-type magazine using a Baker-Deutz vehicle
(Table 6; test 25).

Continuous monitoring of the magazine for CO indicates that
the mean indoor air quality during operations inside Stradley-
type magazines never exceed 20 percent of the OSHA-PEL. The
maximum reading was 9.3 ppm and occurred during warehousing

operations in a Stradley~-type magazine using a Hyster-Perkins
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mean indoor air quality during both warehousing and lcading/un-
loading activities is unlikely to exceed 50 percent of the OSHA-
PEL or ACGIH-TLV (Tables 11 and 12). However, during the ware-
housing operations in Igloo-type magazines, the air quality
exceeded 50 percent of the OSHA-PEL for nitric oxide (Table 14;
test 3, test 12, and test 28).

Nitrogen Dioxide

Nitrogen dioxide (Noz) may present an exposure problem to
Army personnel involved in some types of ammunition handling
operations. Detectable exposures to nitrogen dioxide ranged
between 2 and 77 percent of the OSHA-PEL during ammunition han-
dling activities. The largest exposure occurred during a ware-
housing operation using the Baker-Deutz engine in an Igloo-type
magazine (Table 9; test 12). Although this exposure level was
only 77 percent of the OSHA-PEL, it exceeded the ACGIH-TLV for
nitrogen dioxide.

Continuous monitoring for "oxides of nitrogen" indicates
that the mean indoor air quality during unloading activities
could reach levels equal to 40 percent of the OSHA-PEL for NOZ'
and confirms that the "oxides of nitrogen" problen is most severe
during warehousing operations. Although these test results
indicate the potential for a serious health risk, the results of
the continuous monitoring cannot be compared directly with the
OSHA-PEL or ACGIH-TLV for nitrogen dioxide because the instrument
reports data as total oxides of nitrogen (which include both NO
and N02). Although the NO, contribution to the total oxides of

2
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Army personnel to sulfur based irritants and sulfuric acid. As
in the case of TSP, exposure to these aerosols during the opera-
tion of diesel-powered forklifts should not present a health
proﬁieﬁ. Even if both the sulfates and sulfites collected were
assumed to produce a synergistic effect similar to aerosols of
sulfuric acid, the worst case exposures to this aerosol would be
less than 50 percent of the OSHA-PEL and ACGIH-TLV. The worst
case (0.58 mg/m3 of sulfate) was during a warehousing operation
in a Stradley-type magazine using the Baker-Deutz vehicle (Table
5; test 30).

Nitric Oxide

Nitric oxide (NO) emissions may present exposure problems
under some operating scenarios. During one test the Baker-Deutz
vehicle, performing warehousing operations in a Igloo-type maga-
zine, created a potential exposure (26.62 mg/m3) in excess of the
OSHA-PEL and ACGIH-TLV (Table 9; test 12). This was the only
instance when the nitric oxide exposure limit was exceeded; how-
ever, exposures in excess of the 50 percent of OSHA-PEL occurred
on three other occasions:

1) The Baker-Deutz vehicle in an Igloo-type magazine
during a warehousing operation (Table 9; test 28)

2) The Hyster-Perkins vehicle in an Igloo-type magazine
during a warehousing operation (Table 9; test 15)

3) The Baker-Deutz vehicle in a Stradley-type magazine
during a warehousing operation (Table 5; test 18)

Continuous monitoring of the magazines for NO indicates that the
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TABLE 15. EXPOSURE LIMITS FOR DIESEL EXHAUST COMPONENTS

PG _And ace P B i B

CRalk Ank Anitand ek s

- ACGIHP
OSHA PEL,2 TWA STEL
Exhaust component 8-h 8-h 15-min
Particulate components
Insoluble fraction
Total nuisance dust 15 mg/m3 10 mg/m3 -
Soluble fraction
Polycyclic aromatic 0.2 mg/m3 0.2 mg/m3 -
' hydrocarbon (coal tar
tar pitch volatiles)
Gaseous components
Carbon monoxide 50 ppm 50 ppm 400 ppm
(55 mg/m3) (55 mg/m3) | (440 mg/m?3)
Nitric oxide 25 ppm 25 ppm 35 ppm
(30 mg/m3) (30 mg/m3) (45 mg/m3)
Nitrogen dioxide 5 ppm 3 ppm 5 ppm
(10 mg/m3) (6 mg/m3) (10 mg/m3)
n Sulfur dioxide 5 ppm 2 ppm 5 ppm
(10 mg/m3) (5 mg/m3) (10 mg/m3)
Sulfuric acid 1 mg/m3 1 mg/m3 -

Other components

Odorants

3 General Industry Safety and Health Standards - Toxic and Hazardous
Substances. Code of Federal Pegulations, Title 29, Chapter XVII,

Part 1910, Subpart 2. 47 FR 51117,
TLV's - Threshold Limit Values for Chemical Substances and Physical

b

November 1982 (Ref. 3).

Agents in the Work Environment with Intended Changes for 1983-84.

ACGIH. Cincinnati, Ohio (Ref. 4).

..........
..........
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on the public health community's current knowledge of the effect
of toxic substances on the workforce. The OSHA PEL's are differ-
ent from the ACGIH TLV's in that, with a few exceptions, they
represent the TLV's as interpreted in 1968. These 1968 TLV's
were adopted by OSHA during the establishment of the Occupational
- Safety and Health Act of 1970. Table 15 summarizes the applica-
ble exposure limits.

Based on the results of breathing zone monitoring conducted

during the operations, the following conclusions can be drawn as
to the health risks posed by each of the exhaust components

r monitored.

. 1

Particulates

The particulate exposures experienced by forklift drivers do

m not present a problem when interpreted as a nuisance dust. Under

oL

the worst conditions, the particulate exposures calculated as
TWA's in Tables 4, 5, 7, and 9 only begin to approach 40 percent

B of the OSHA-PEL and 50 percent of the ACGIH-TLV. The highest

CNNT. VDR

particulate concentration was 4.96 mg/m3 experienced during a
warehousing operation in a Stradley-type magazine using the

Baker-Deutz vehicle (Table 5; test number 14).

- -
e

Exposures to the PAH's were below the detection limits of
the sampling and analytical methods (3.3 ng/m3). Based on these 3
results PAH can be expected to be at concentrations less than 1 i
percent of the OSHA-PEL and ACGIH-TLV. :

Sulfates and Sulfites

2) b

The concentrations of sulfates (504-2) and sulfite (SO3-

were measured to obtain an estimate of the possible exposure of
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study.1 These conclusions were that the continuous monitoring
results of the two operations are separate and distinct, and the
average exhaust emission concentrations from warehousing opera-
tions are higher than those from loading/unloading operations.
The data collected during the Phase II testing indicate that
warehousing activities tend to result in a larger accumulation of
exhaust emissions in the magazines than those during loading/un-
loading, attributable to the fact that during warehousing opera-
tions, the vehicles remain inside the magazine during the entire
operation. The result is that the concentrations of exhaust
emissions rise quickly and are sustained at higher levels than
during the loading/unloading operations. Because the continuous
monitoring results are reflective of "area" concentrations"
rather than "personal exposures", a direct comparison with estab-
lished exposure limits cannot be made.
COMPARISON OF PERSONNEL EXPOSURES AND MAGAZINE AIR QUALITY WITH
OSHA PERMISSIBLE EXPOSURE LIMITS

Two sources of information are available for use in judging
the health risks associated with exposure to the diesel forklift
exhausts: OSHA's permissible exposure limits (PEL's) and the
ACGIH's threshold limit values (TLV's). Emphasis is placed on a
comparison of the test results with the OSHA-PEL's because these
limits represent Federal health standards for the workplace. The
ACGIH TLV's are also of interest; although these limits are not
binding regulations, they do represent what can be considered

"good-practice" guidelines. The TLV's are exposure limits based

38

RIS | SRR, 1

ey e -
PTG )




IV. CONCLUSIONS

The Phase II test results led to the following conclusions
regarding the impact of diesel exhaust on magazine air quality:

- 1) The impact of diesel exhaust on breathing zone expo-
sures and magazine air quality depends largely on the
type of operation being performed and the type of
magazine being used. Of the two operating scenarios
investigated (i.e., loading/unloading and warehousing),
warehousing presents the greater potential risk to the

Lo health and safety of Army personnel. Of the two maga-

U zines investigated (i.e., Stradley and Igloo-types)
only the Igloo-type structures of the size encountered
in this study are likely to contribute to a hazardous
situation.

2) Breathing zone exposures and magazine air quality data
were compared with the OSHA permissible exposure levels
and ACGIH threshold limit values. Under the operating
conditions, ventilation, and temperatures experienced
during the test, nitrogen dioxide, nitric oxide and
- carbon monoxide may pose a health risk to Army person-
5 nel in small structures similar in size and design to
, n the Igloo-type magazines study.

3) A performance hierarchy can be suggested from the
results of the air monitoring data. The Still-Deutz
and Hyster-Isuzu vehicles appear to have out performed
the Hyster-Perkins and Baker-Deutz forklifts. Under
the conditions tested the Still-Deutz and Hyster-Isuzu
did not exceed any of the OSHA permissible exposure
limits for the exhaust components measured.

lf CH/,.RACTERIZATION OF DIESEL FORKLIFT IMPACT ON MAGAZINE AIR
QUALITY
Indoor air quality was monitored during both loading/unload-
ing and warehousing operations with each of the four vehicles.

¢ The Phase II results substantiate the conclusions of the Phase I
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X continuous monitoring data collected during loading/unloading

. operations in Stradley-type magazines., Table 12 summarizes the
continuous monitoring data collected during warehousing opera-
tions in Stradley-type magazines. Continuous monitoring in
Igloo-type magazines was limited to NO and NOx. Tables 13 and 14
present summaries of the continuous monitoring data collected in
Igloo-type magazines during loading/unloading and warehousing

operations, respectively.
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sogz,
NO, NO2 and CO. The carbon monoxide exposures are summarized in

Table 10 by time-weighted average, highest 15-minute concentra-

Six exhaust components are reported in Table 9: TSP, SO

tion, and instantaneous peak concentrations. PAH and odorants
were not captured in sufficient amounts for detection by the
analytical methods used.

During most of the testing the Army utilized two drivers for
each vehicle, resulting in each driver being exposed to diesel
emission for a duration equal to approximately half a given test

period. *

CONTINUOUS AIR MONITORING

Continuous air monitoring was conducted during both the
loading/unloading and warehousing operations. The results were
compiled for both operations for each of the vehicles tested and
presented in tabular format. The test duration and mean test
concentrations are reported for each exhaust component by test
vehicle.

Monitoring in Stradley-Type Magazines

Continuous monitoring was conducted in Stradley-type maga-
zines for: sulfur dioxide (SOZ)' carbon monoxide (CO), nitric
oxide (NO), total oxides of nitrogen (NOX) and volumetric air
flow (as measured through the magazine's passive ventilating

system) in cubic feet per minute (cfm). Table 11 summarizes the

*This action was taken as an administrative precaution to avoid
exposing the drivers to emissions from a full test period.
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to a transmission malfunction (vehicle number 1) during Phase II

testing (only three loading and three unloading tests were con-
ducted in Stradley-type magazine), it remained the "cleanest" of
the test vehicles. Warehousing and loading/unloading tests on
the remaining three vehicles also suggest a possible performance
hierarchy. In almost every instance the Hyster-Isuzu (vehicle
number 2) was cleaner than either the Hyster-Perkins (vehicle
number 3) co>r the Baker-Deutz (vehicle number 4). The Hyster-
Isuzu (vehicle number 2) consistantly outperformed the Baker-
Deutz (vehicle number 4) vehicle in every exhaust component
category. In many cases, the airborne concentrations inside the
magazine during Hyster-Isuzu operations was 50 percent of the
concentrations generated by the Baker-Deutz vehicle. A similar
relationship was found between the Hyster-Isuzu and the Hyster-
Perkins (vehicle number 3) for SO2 and CO. The Hyster-Perkins
appears to perform similar®v to the Hyster-Isuzu in emission of
NO and NOx .

The results from the Phase II testing provide an additional
base of data from which to judge the operation of diesel-powered
forklifts during ammunition handling and storage activities in
Stradley and Igloo-type magazines. The Phase II results suggest
that the relative performance of at least three of the test
vehicles can be established (very limited data was collected on
the Still-Deutz vehicle). When considering the results of the
Phase II investigation, a hierarchy of performance can be estab-
lished begining with the best (cleanest} performance:

° Still-Deutz (Vehicle 1)

45
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" ° Hyster-Isuzu (Vehicle 2)
l ° Hyster-Perkins (Vehicle 3)
° Baker-Deutz (Vehicle 4)*

The absoclute safety of the vehicles will likely depend on
the use and operating conditions of the forklifts at any given
time; however, it is believed that under a majority of work
conditions likely to be encountered, a similar hierarchy will

result.

Al

PRSP

* Consideration of this hierarchy must be tempered by the know-
ledge that the Army suspected that the Baker-Deutz engine was
seriously malfunctioning during the course of the Phase II
testing. The nature and extent of this malfunction was not
knrown at the time this report was written. The Baker-Deutz
vehicle would be expected to produce emission levels similar to
the Still~Deutz vehicle since the same model Deutz engine is
utilized in both.
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NITROGEN DIOXIDE AND NITRIC OXIDE IN AIR

Measurements Support Branch

Analytical Method
Analyte:  Nitrogen Dioxide Method No.: P&CAM 23]
and Nitnc Oxide A
Range: 0.8 to 30 ppm of NO, 4
Matrin:  Air or NO in a Il-liter sample g
:f; ‘ Procedure:  Solid sorbent Precision(CVT): NO,. 0.07 at 1
3 collection: tnethanol- 0.5 to S ppm: NO. 0.06 at K
. amine extraction; spec- 12.5 to S0 ppm :
ﬁ trophotometry
| Classification: D (Operational)
{ Date Issued: 6/30 76
é_. Date Revised ;
3
o 1. Principle of the Method i

Nitrogen dioxide (NO,) and nitric oxide (NO) are collected from air in a three-section
sorbent tube. The NO, is absorbed in the first section. which contains triethanolamine :
[ (TEA) impregnated on molecular sieve. The NO is converted to NO, by a proprietary i
h n oxidizer in the second section. The NO, thus formed from the NO is absorbed in the third

section by another bed of TEA-impregnated molecular sieve. The first and third sections are
. N desorbed with solutions of TEA in water and the nitrite in these solutions is determined
o spectrophotometrically by the Griess-Saltzman reaction. (Reference 11.1). The nitrite found
in the first section is reported as NO, and the nitrite in the third section is reported as NO.

2. Range and Sensitivity

21 The linear range of the standard curve is from 0.5 to 18 ug of nitrite in 10 m{ of
desorbing solution. which corresponds in this method to a range of 0.8 to 30 ppm of
NO, or NO in a I-liter sample of air

2.2 The sensitivity is 0.4 ug'10 m€ for an absorbance of 0.04

2 3 The upper limit of the range can be extended by taking smaller aliquots for analysis. or
be diluting intensely colored solutions with water

VLR LS S LS e o A

3. Interferences

3.1 iInorgamic nitrites cause positive interference.
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3.2 Nitric acid and nitrates do not interfere.
3.3 Ammonia does not interfere.
Precision and Accuracy

4.1 The average recovery for 22 samples in the range 0.5 to 5 ppm of NO, was greater than
96% and the coefficient of variation was 0.07.

4.2 For 18 samples the average recovery of NO varied with the amount of NO collected.
The recovery was 100% at 12.5 ppm. At 25 ppm only 84% recovery was achieved, and
at 50 ppm only 67%. However, the coefficient of variation over the range was only
0.06. The recovery may vary depending upon the sample flow rate and the properties
of the particular lot of oxidizer used. Each laboratory should determine the efficiency
of the sampling tubes employed.

4.3 The accuracy of the overall sampling and analytical method has not been determined.

Advantages and Disadvantages of the Method

5.1 Both nitrogen dioxide and nitric oxide are collected simultaneously.

5.2 This method is simple and convenient for field sampling.

5.3 Samples can be stored at ambient temperature for at least 10 days without any effect
on the results.

54 At 50 ppm of NO the collection efficiency is poor (about 67%) because the oxidizer is
consumed.

$.5 If high humidity or water mist is present, the breakthrough volume can be severely
reduced. If water condenses in the tube, NO, and NO may not be collected
quantitatively.

Apparatus

6.1 Sampling Equipment

6.1.1 Solid sorbent tubes are made in the following manner. Using a gas-oxygen
torch. heat a section of S-mm i.d., 7-mm o0.4. Pyrex glass tubing and pull it
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apart to form a tube approximately 15 cm long with a taper 2 cm long. Seal
the tapered end of the tube in the flame. Allow it to cool, then insert a small
plug of glass wool through the open end of the tube; push the glass wool
through the open end of the tube with a thin wooden stick and pack gently.
Weigh 400 mg of TEA sorbent and pour the material into the tube. (See
Section 7.2) Gently tap the tube on the table top several times to ensure
uniform packing. Insert another small plug of glass wool to keep the TEA
sorbent in place. For the next section, pour 800 mg of oxidizer into the
tube. (See Section 7.1.) Again tap the tube and insert a plug of glass wool;
pack lightly. Insert another plug of glass wool, maintaining an air gap of 12
mm between these two plugs. Weigh 400 mg of TEA sorbent and pour the
material into the tube. Carefully tap the tube and gently pack another glass
wool plug without closing the 12-mm air gap. Seal the open end of the tube
with the torch. See the figure on page 231-9.

A personal sampling pump that can provide a flow rate of 50 m&/min within
S% accuracy is required. The pump should be calibrated with a
representative sorbent tube in the sampling line. A dry or wet test meter or
glass rotameter that will determine the flow rate to within 5% may be used
for the calibration.

6.2 Spectrophotometer capable of measurements at 540 nm.

6.3 Matched glass cells or cuvettes, 1-cm path Jength.

6.4 Assorted laboratory glassware: pipettes, glass-stoppered graduated cylinders. and
volumetric flasks of appropriate sizes.

Reagents

7.1 Oxidizer. Proprietary material Number 1900277 from the Dragerwerk Company of
West Germany, supplied through its U.S. distributor, National Mine Safety Company.
or the equivalent.

7.2 TEA Sorbent. Place 25 g of triethanolamine in a 250-m& beaker. add 4 g of glycerol.
50me of acetone and sufficient distilled water to bring the volume up to 100m&.To the
mixture add about 50 mQ of Type 13X, 30/40-mesh Molecular Sieve. Stir and let stand
in a covered beaker for about 30 min. Decant the excess liquid. and transfer the
molecular sieve to a porcelain pan. Place the pan under a heating lamp until most of
the moisture has evaporated. Complete the drying in an oven at 110°C for | hr The
sorbent should be free flowing. Store it in a closed glass container.
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7.3 Desorbing Solution. Dissolve 15.0 g of triethanolamine in approximately 500 m¢ of
distilled water, add 0.5 m® of n-butanol, and dilute to 1 liter.

7.4 Hydrogen Peroxide, 0.02%(v/v). Dilute 0.2 m® of 30% hydrogen peroxide to 250 m¢
with distilled water.

7.5 Sulfanilamide Solution. Dissolve 10 g of sulfanilamide in 400 m® of distilled water.
Add 25 m® of concentrated phosphoric acid, mix well, and dilute to 500 mX.

7.6 NEDA Solution. Dissolve 0.5 gm of N«(1-naphthyl)ethylenediamine dihydrochloride in
500 m& of distilled water.

7.7 Nitrite Stock Standard Solution (100 ug/mf). Dissolve 0.1500 g of reagent grade
sodium nitrite in distilled water and dilute to 1 liter.

Procedure

8.1 Cleaning of Equipment. Wash all glassware with detergent solution, soak in nitric acid.
nnse in tap water and distilled water, and then rinse thoroughly with double distilled
water.

8.2 Collection and Shipping of Samples

8.2.1 Before sampling. break open the ends of the sorbent tube to provide an
opening that is approximately one-half the internal diameter of the tube.

822 The air must flow through the 12-mm air space before it flows through the
oxidizer. Therefore attach the end of the tube without the air gap between
the oxidizer section and TEA sorbent section to the pump with a length of
small diameter Tygon®tubing.

823 Mount the tube in a vertical position to avoid channeling.

824 The air being sampled should not pass through any hose or tubing before it
enters the sorbent tube.

825 Tum on the pump to begin sample collection. Sample at a flow rate of 50
m&/min or less to obtain a maximum sample volume of 1 liter. Measure the
flow rate and time. or volume, as accurately as possible. If a low flow rate
pump is used. set the rate to an approximate value and record the initial and
finul stroke counter readings. Obtain the sample volume by multiplying the
number of strokes by the stroke volume.

8.2.6 Measure and record the temperature and pressure of the atmosphere being
sampled.
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Cap the sorbent tubes with 7-mm i.d. plastic caps immediately after
sampling. (Masking tape can be substituted for the plastic caps.)

With each batch of samples, submit one blank sorbent tube. This tube is
handled in the same manner as the other tubes (break, seal, and transport)
except that no air is drawn through it. When more than ten samples are
submitted, include an additional blank for every ten samples.

Pack the capped sorbent tubes tightly and pad them to minimize breakage
dunng shipping.

8.3 Analysis of Samples

8.3.]

83.2

833

834

84

841

With tweezers remove and discard the glass wool plugs from an exposed
sorbent tube and transfer each TEA sorbent bed to separate. 25-m¢f
glass-stoppered graduated cylinders. Label the graduated cylinder as to the
location of the TEA sorbent with respect to the oxidizer section.

To each graduated cylinder add enough of the desorbing solution to make
the volume up to 20 mf, and shake the mixture vigorously for about 30 sec.

Allow a few minutes for the solids to settle, and then transfer 10 mf to
another 25-m{ glass-stoppered graduated cylinder.

Develop the color of the solution for 10 min in the same manner as
described for the preparation of the standard curve (Sections 9.4 to 9.6).
From the standard curve determine the amount of nitrite in the 10-m¢
aliquot.

Determination of Collection and Desorption Efficiencies

Importance of Determination. The collection and desorption efficiencies of a
given compound can vary from one laboratory to another and also from one
batch of sorbent tubes to another. Thus, it is necessary to determine at least
once the percentages of sample collected and then removed in the desorption
process. Results indicate that the recovery of NO varies with the amount of
NO collected. particularly at higher concentrations (for example. at SO

ppm).
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84.2 Procedure for Determining Collection and Desorption Efficiencies. Sorbent
tubes from the same batch as that used in obtaining samples are used in this
determination. Known volumes of NO, and NO are injected into a bag
containing a2 known volume of air. The bag is made of Tedlar (or another
material that will not absorb NO, or NO) and should have a gas sampling
valve and a septum injection port. The concentrations of NO, and NO in the
bag may be calculated at room temperature and pressure. A measured
volume is then sampled through a sorbent tube with a calibrated sampling
pump. At least five tubes are prepared in this manner. These tubes are
desorbed and analyzed in the same manner as the samples (Section 8.3).

8§43 Calculation of Desorption Efficiency. The desorption efficiency (D.E ) is the
average concentration (corrected for the blank) of NO, or NO found by
analysis of the sorbent tubes divided by the concentration of NO, or NO in
the bag

Calibration and Standards

9.1 Dilute 2 m{ of the nitnite stock standard (100 ug/m€) to 100 m& with the desorbing
solution to prepare a solution with a nitrite concentration of 2 ug'm{.

9.2 To a senes of 25-mk glass-stoppered graduated cylinders add 1. 3. 5. 7. and 9 m{ of the
dilute standard solution

9.3 Add enough of the absorbing solution to bring the volume in each cylinder up to 10
mt to prepare working standards with nitrite concentrations of 2. 6. 10. 4. and 1§
pg 10 mt

94 To each graduated cyhinder. add 1 m€ of the 0.02% hydrogen peroxide solution. 10 m{
of the sulfanilumide solution. and 1.4 m{ of the NEDA solution. with thorough mixing
after the addition of each reagent

9.5 Allow 10 min for complete color development.

9.6 Meusure the absorbance of the solutions at 540 nm. using a reagent blank in the
reference cell.

9.7 Prepare a stundard curve by plotting absorbunce versus weight of nitrite (in g in 10
m¢t of the desorbing solution
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10. Calculations

10.} From the standard curve, read the weight of nitrite (in ug) in 10 m& of the desorbing .
solution corresponding to the absorbance of the sample solution. Multiply this weight 5
by 2 to determine the total amount (in ug) of nitrite extracted with 20 mf of
desorbing solution from the sorbent section being analyzed. The calibration procedure
is based upon the empirical observation that 0.63 mole of sodium nitrite produces the a
same absorbance in the color-developed solution as 1 mole of NO. . (See Reference '
11.2.) Divide the amount of nitrite desorbed from the sorbent material by 0.63 to
determine the apparent amount of NO: collected in the sorbent section. These
calculations are summanzed in the following equation:

ug NO; x 2
063

W=

where- W= weight (in ug) of NO. found.

10.2 Correct the amount of NO; calculated in Section 10.1 for the amount of NO:, if any.
found on the corresponding sorbent section of a blank tube to obtain the amount of

NO: in the sample, as follows J
W, = W - W,

where W, = corrected weight (in pg) of NO; in sample. .

W = weight (in wg) of NO: in the corresponding section of a “U;

blank tube. )

10.3 The concentration of NO: in parts per million (ppm) by volume in the air sample is
calculated as follows

w - -
ppm = S oy 24458 , 760 -, _T+273
vV MW, P 298

where V = volume (liters) of air sampled.
M W .= molecular weight.
24 45= molar volume (liter/mole) at 25°C and 760 mmHg —
P = pressure (mmHg) of air sampled
T = temperature (C) of air sampled

10.4 The ppm of NO. found in the third section (downstream from the oxidizer) is reported
as ppm of NO -
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5. Advamtages and Disadvantages of the Method

5.1 The extraction is done at room temperature. Complete extraction of the TpAH is assured
by the fine shredding of the glass fibers and the breaking up of clumps of particulates.

Only a relatively small sample of air particulates is required. Complete analysis time is

5.2

53

54

5.5

well under an hour, most of which is waiting time.

Most of the polar constituents are removed by adsorption in the homogenizing vessel. The

remainder are removed by the fast simple chromatographic analysis.

The method can accommodate a wide range of hydrocarbon pollution concentrations, since
sample extract volumes ranging from 0.1 to 2 ml can be chromatographed.

Time and work are saved by not weighing the particulates or soluble organics.

TABLE 2
Elution of Fluorene, Analogues and Derivatives
% Eluted
Comnpound t.Min. Through Column PA/,g X 10~
Fluorene 2.0 100 29
Dibenzothiophene 2.0 96 18
Dibenzofuran 2.0 98 0.3
Fluoranthene 2.0 95 25
Benzo(k)fluoranthene 1.8 97 1.4
Benzo(b)fluoranthene 1.0 99 1.6
2-Ethylfluorene 1.0 95 1.6
1 1H-Benzo(b)fluorene 1.0 110 5.6
2-Nitrofluorene 48 104 0.2
2,5-Dinitrofluorene 7.0 71 0.3
9-Fluorenol 8.5 14 0.2
3,6-Dinitrodibenzoselenophene 18.2 38 0.2
3-Aminofluorene 18.2 68 0.4
4-Fluorenecarboxylic acid Retained on column
2-Hydroxyfluorene Retained on coluinn
2-Nitro-7-hydroxyfluorene Retained on column
Fluorenone Retained on column
TABLE 3
Elution of Polychloro Derivatives of Di- and Tricyclic Hydrocarbons*
% Eluted
Compound Through Columa PA/. g % 16—*

1.1-Dichloro-2,2-bis(p-chlorophenylethane (p,p'DDD) 94 0.02
1.1-Dichloro-2,2-bis(pchlorophenyl)ethylene (DDE) 97 0.50
1,1,1-Trichloro-2,2-bis(p-chlorophenyl)ethane (p,p' DDT) 85 0.02
Aroclor 1260 (chlorinated biphenyls, 60% chlorine) 100 0.13
Aroclor 5432 (chlorinated triphenyls, 32% chlorine) 104 0.61
Halowax 1099 (mixture of tri- and tetrachloro naphthalenes,

52% chlorine) 101 0.25
1.2.3.4,5.6.7,.8-Octachloronaphthalene 97 0.64
2.3.4,5,6,2°.3'.4'.5°,6’-Decachlorobiphenyl 95 0.19
1.2.3,4,5,6.7.8-Octachlorodibenzofuran 93 0.33
1,.2.3.4,6.7.8,9-Octachlorodibenzo-p-dioxin 98 0.85
Tetradecachloro-p-terphenyl 95 0.22

‘Retenion times from | to 2 min.
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3.4 Oxygenated compounds, some phenols and aza and imino-heterocyclics (except some mem-
bers of the indole series) are retained. Examples are benzoquinone, o-ethylphenol, acridine,
and quinoline.

3.5 Most interfering compounds have quite low peak area/ug values, which decreases their sig-
nificance, as shown in Tables 2, 3, and 4.

TABLE 1
Elution of PAH*
% Elwted
Through PA/ g
Compoand Colemn x 10—
Mono-, dicyclics
Benzene 99 04
N-Hexylbenzene 100 0.5
N-Heptylbenzene 100 0.7
Naphthalene 101 0.7
Azulene 93 30
Tricyclics
Anthracene 100 36.0
9-Methylanthracene 99 15.0
Xanthene 102 1.3
Phenoxathiin 92 0.2
Phenanthrene 100 10.0
Tetracyclics
Naphthacene 95 4.7
Chrysene 105 4.5
Pyrene 96 36
4-Methylpyrene 100 1.7
1,3-Dimethylpyrene 96 0.9
Triphenylene 100 9.0
Benz(a)anthracene 96 43
7,12-Dimethylbenz(a)anthracene 102 33
Pentacyclics
Dibenz(a,h)anthracene 96 0.6
Benzo(a)pyrene 100 53
Benzo(e)pyrene 92 2.2
Picene 99 5.0
Perylene 96 58
Hexacyclics
Benzo(ghi)perylene 99 1.8
Anthanthrene 93 2.6
Dibenzo(fg, op)naphthacene 93 0.6
Coronene 91 0.5
Dibenzo(g.p)chrysene 96 1.0
Naphtho(2,1,8-gra) naphthacene® 100 0.7

*Retention time is approximately 2 minutes. “Or naphtho(2,3-a)pyrene. PA = Peak Area.

4. Precision and Accuracy

4.1 Homogeneous glass fiber samples containing air particulates were analyzed by Soxhlet and
ultrasonic extraction. See Table 5. The relative standard deviation for 6 ultrasonic extracts
was = 1.33% and for 4 Soxhlet extracts = 26.1%. The ratio of ultrasonic to Soxhlet re-
covery was 1.14,

4.2 Recovery of FAH added to glass fiber filter blanks and extracted ultrasonically was 95% for
anthracene; 97.5% for phenanthrene; and 98.2% for benzo(a)pyrene (Table 6).

A-24
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TOTAL PARTICULATE AROMATIC HYDROCARBONS (TpAH) IN AIR
Physical and Chemical Analysis Branch
Analytical Method

Analyte: TpAH Method No.: P&CAM 206

Matrix: Air Range: Lower limit, 3 nanograms
benzo(a)pyrene

Procedure: Sampling with glass fiber fil- Precision: =+ 1.33% RSD (Analytical)

ter, extract ultrasonically, en-
rich and measure with HPLC

Date Issued: 1/1/75 Classification: E (Proposed)
Date Revised:

1. Principle of the Method

Airborne particles collected from polluted atmospheres on glass fiber filters are extracted ultra-
sonically in the presence of silica powder (11.1-3). The TpAH in the filtered extract are separated
by high speed liquid chromatography on a column of Corasil II with a non-polar solvent, and the
absorbance is measured by a UV detector at 254 nm. Compounds responding to the detector are
shown in Tables 1, 2, 3, and 4. The extract is suitable also for the analysis of the aliphatic hydro-
carbons (11.4).

.
9.

2. Range and Sensitivity

2.1 Minimum reproducible level of standard benzo(a)pyrene at 254 nm is approximately 3 nano-
grams.
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2.2 The minimum detectable TpAH (in terms of benzo(a)pyrene) for particulates collected on
one glass fiber filter of approximately 452 c¢cm? is approximately 5 micrograms, or 3.3 nano-
grams m? of air if 1500 m® of air are sampled in the ambient atmosphere.

2.3 The upper range of TpAH concentrations can be increased by dilution of the extract and ‘or
analyzing smaller samples. Sensitivity for low concentrations can be increased by injecting
larger samples into the chromatograph. Thus. very high levels of TpAH can be measured.

.

3. Imterferences

3.1 Any compound which is not retained on the silica column and absorbs light at 254 nm is
measured in this procedure.

.
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Fluorene and some of its analogues and derivatives listed in Table 2, and polychloro deriva-
tives of some di- and tricyclic hydrocarbons in Table 3 are examples of such compounds.

3.2 Amino, carbonyl, hydroxy and nitro compounds elute after the PAH, so do not interfere.
See Table 2.

3.3 Carbazoles and aldehydes are either retained or have retention times larger than the PAH,
except N-alkyl substituted derivatives, which elute with the PAH. See Table 4.
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10.2 Calculate the concentrations in the air sample using the

formulae:

Total particulate sulfite (mg/m ) e

v

CzXlO

Total particulate sulfate (mg/m3) =
\Y

(C3 x 10 x 0.08002) + (C4 x 10 x 0.6669)

Sulfur dioxide (mg/m3) =
\Y

Sulfur dioxide (ppm) = 0.3B17 x sulfur dioxide (mg/m3) x 760 x T
298 x P
where V is the volume (liters) of air sampled.

T is the absolute temperature (°K = ©C 4+ 273) at which
the sample was taken.

P is the pressure (mr Hg) at which the sample was taken.

11. References

11.1

11.2

P T P S

Mulik, J.D., R. Puckett, D. Williams, and E. Sawicki: Analysis

of Nitrate and Sulfate in Ambient Aerosols. Anal. Lett. 9: 653(1976)

Pate, J.B., Lodge, and M.P. Neary: The Use of Impregnated Filters
to Collect Traces of Gases in the Atmosphere. Anal. Chim.
Acta 28: 341 (1963)

Peter M. Eller, Ph.D.

Michael Kraus
Inorganic Methods Development
Section

b

P w o
.

BNV IATIESYRNAD. R



- T e e O ® AR, T T e e w7 s e e 72" e - Y
O it hask JRunt il e i Sty AN At A e LA A A A el et -7 L - . |

ol

- sog retention time: 6-7.5 min (depending on eluent)
- sof retention time: 9-10.5 min (depending on eluent)

8.3.4 Measure and record the peak height or peak area of each
sulfite and sulfate peak. If interfering substances
(e.g., nitrate or phosphate) are present, establish positive
identity of sulfite and sulfate peaks by adding known amounts
of standard solutions and by changing eluent concentration
for better separation, if necessary.

Calibration and Standardization

9.1 From the 100 ppm working standards, prepare 5, 10, 15, 20, 30, 50,
and 80 ppm sulfate and sulfite standards by diluting, respectively,
0.5, 1.0, 1.5, 2.0, 3.0, 5.0, and 8.0 mL to 10 mlL with deionized
water. These standard solutions should be prepared fresh daily.

Ve oo e ,
il

9.2 With each set of samples analyzed, a complete calibration curve
should be constructed, using the standards prepared in 9.1 or
additional standards as needed. Plot peak height or peak area !?
vs. concentration for both sulfite and sulfate. A sulfite standard -
with nominal concentration C, (ppm) will give two peaks: a
sulfite peak, C, and a sulfate peak, C; (ppm). The relationship
between these is C = C, - Cg x 0.8334.

VWY T S Y vy

10. Calculations

10.1 Fror the calibration curves obtained in Sec. 9.2, read the
concentrations of sulfite and sulfate ions in each sample in ppm.
Designate whether the ions originated on the cellulose ester .
merhrane filter or the treated cellulose filter. Thus, four
concentrations will be obtained.

el

’
o ot
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C, = concentration, ppr, of sulfite from cellulose ester
merbrane filter

[
PSR

C, = concentration, ppm, of sulfate from cellulose ester J;
membrane filter

C3 = concentration, ppr, of sulfite from treated cellulose
filter

¥
e

e

C, = concentration, ppr, of sulfate from treated cellulose
filter
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8.2.2 Assemble the filter cassette as follows: First, place a backup
pad in place in the rear section of the cassette. On top of
l this place a treated cellulose filter (Sec. 6.1.4) and then put
the center retaining ring of the cassette in place. Next, put
another backup pad on top of the retaining ring, place a mixed .
cellulose ester membrane filter (Sec. 6.1.3) on top of the backup N
pad, and put the front section of the cassette in place. A
shrinkable band should be used to seal the cassette.

. 8.2.3 Collect the sample at 1.5 liters per minute. The air being
sampled should not pass through any hose or tubing before entering
the cassette. A sample size of 200 liters is recommended.

8.2.4 1f significant amounts of sulfuric acid are suspected in the ”;
sample, the cellulose ester membrane filter must be transferred [
to a clean, glass bottle within 4 hours of sampling to avoid ]
low recovery of sulfate. Handle the filter with tweezers to
aveid contamination. Reclose the cassette containing the treated ,
cellulose filter. N

- 8.2.5 Carefully record the sample identity and all pertinent sampling
data. With each batch of up to 10 samples submit appropriate
blank filters for analysis.

8.3 Analvsis of Samples

l 8.3.1 Put the two filters from the cassette into two separate, clean,
screw-top glass bottles. Add 10.0 mlL eluent (Sec. 7.14) to
each bottle and let stand, with occasional vigorous shaking, for
30 minutes.

8.3.2 Pour the contents of the bottle into a syringe fitted with an
. in-line filter and collect the filtrate in a second syringe.

8.3.3 1nject the filtered sample onto the chromatograph and record
the sample identity and instrumental conditions. Typical
operating conditions are:

sensitivity: 30 umho full scale (for 5-100 ppm sulfate
- and sulfite)

- eluent: ©0.0030 M NapCO;, 0.0030 M NaHCOj

v el R e

- flow rate: 138 mlL/hr

@ .
4 .

- separator column: 3 mm I.D. x 500 mm (anion exchanger),
preceded by a precolumn

- suppressor column: 6 mm I.D. x 250 mm (catjion exchanger)
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7.2 Potassium hydroxide, KOH (pellets)
7.3 Glycerol
7.4 Sodium carbonate, Na2C03
7.5 Sodium bicarbonate, NaHCO3
7.6 Sodium sulfite, Na2503
7.7 Sodium sulfate, N32504
7.8 Nitrogen gas
7.9 Filter impregnating solution. Dissolve 20 g KOH in about 50 mlL
deionized water, add 10 mlL glycerol and dilute with deionized
water to 100 mL.
.10 Sulfite stock standard (1000 ppm SO.). Add 5 mL glycerol to a
100 mlL vclumetric flask and dissolvé in approximately 75 mL
deionized water which has been heated to 100°C and cooled under
nitrogen to remove dissolved oxvgen. Add 0.1575 g Na,SO, and dilute
te 100 mL with deionized water. This standard should be prepared
fresh weekly.
.11 Sulfite working standard (100 ppm 50;). Pipette 10.0 mL of 1000 ppm
sulfite stock standard into a 100 ml-volumetric flask and dilute to
100 mL with a solution containing 2% (v/v) glycerol. Prepare fresh
daily.
.12 Sulfate stock standard (1000 ppm soz). Dissolve 1.4792 g N82504 in
deionized water and dilute to 1 liter.
.13 Sulfate working standard (100 ppm SOZ). Dilute 10.0 mlL of the
sulfate stock standard to 100 mL with deionized water.
.14 Eluent (0.003 M C0,/0.003 M HCO]). Dissolve 1.27 g Na,CO5 and
1.01 g NaHCO3 in 471iters of defonized, filtered water.
Procedure
8.1 Cleaning of Equipment. Glassware, including screw cap bottles,
should be washed in detergent and rinsed in dilute (1-5%) nitric )
acid, followed by thorough rinsing with distilled or deionized =
water. o
<
B
8.2 Collection and Shipping of Samples -

8.2.1 Each personal sampling pump must be calibrated with a
representative filter cassette in line to assure accurately o
known sample volumes. -{

-3




6. Apparatus

6.1 The apparatus for the collection of personal air samples consists of: r
6.1.1 Filter holder, 3-piece cassette, polystyrene, 37-mm diameter. 3
6.1.2 Shrinkable cellulose band.

6.1.3 Mixed cellulose ester membrane filter, 0.8 micrometer pore —
size, 37-mm diameter, supported by a cellulose backup pad. “‘q

6.1.4 Cellulose filter, Whatman-40 or equivalent, impregnated with
potassium hydroxide-glycerine solution, supported by a
cellulose backup pad. To prepare the filter, saturate it |

with filter impregnating solution on a clean glass plate or ;-

watch glass and dry at 100°C for 20-30 minutes. ;}

6.1.5 Personal sampling pump whose flow can be calibrated in line :j
with a representative loaded filter holder to an accuracy of 4

+5% at the recommended flow rate. NG

6.1.6 Thermometer !!
6.1.7 Manometer E
1

6.1.8 Stopwatch fl
6.1.9 Screw cap, glass bottles, such as scintillation vials. 4’

6.1.10 Tweezers

6.2 1lon-exchange chromatograph, equipped with electrical conductivity
detector and recorder or integrator.

6.3 10-mlL pipette

6.4 10-mlL plastic syringe with male Luer fitting

6.5 In-line filter with Luer fitting, 25 mm diam (0.8 ym membrane filter).
6.6 Volumetric flask, 100 mL =

7. Reagents

All reagents used should be ACS Reagent Grade or better. ol
7.1 Deionized, filtered water. Conductivity-grade deionized water with ’
a specific conductance of 10 umho/cm or less is needed for preparation 4
of eluents and other solutions which will be used on the ion chromato- ]
graph. The water should be filtered through a membrane filter 9
(0.45-0.8 ym pore size) before use to avoid plugging valves on the .a
chromatograph.
A-18
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2. Working Range, Sensitivity, and Detection Limit

The working range for a 200-L air sample is 0.1-10 mg SOE or
S03/m3, and 0.04-4 ppm SO, (0.1-10 mg SO/m3). This
corresponds to 20-2000 ug of sulfate, suifite or sulfur dioxide
per sample.

The sensitivity at 30 pmho full scale is 5 ug sulfate, sulfite,
or sulfur dioxide per sample per mm chart deflection. The sensi-
tivity may be improved by using scale expansion on the readout
and by using a smaller volume than 10 mL to desorb the sample.

The detection limit is approximately 0.5 ug SOE or SO§/mL in
the solution injected, corresponding to 5 g sulfate, sulfite, or
sulfur dioxide per sample.

Interferer.ces

Oxidation of particulate sulfite on the sample filters results in
a positive bias for sulfates and a negative bias for particulate
sulfites.

Suifur trioxide gas, if present in dry atmospheres, gives a posi-
tive bias in the sulfur dioxide determination.

Nitrate or phosphate ions may give similar retention times to
sulfite. 1Identity of the sulfite peak may be established by
spiking the samples with known amounts of sulfite and analyzing
with at least twc different eluents {e.g., the eluent in Section
7.14 and 0.003 M Nal03/0.001 M NaHCO3).

Inscluble sulifates collected on the first filter will not be
measurec¢ unless special care is taken to dissclve therm.

4, Precision and Accuracy

The relative standard deviation of the analytical method is 5¢ or
less in the range 50-1000 ug SO3 or SO per sample, corres-
ponding to 0.25-5 mg/m3 SOp, sulfites, or sulfates.

A major factor affecting accuracy is the tendency of particulate
sulfites and absorbed sulfur dioxide to oxidize. Because of this,
a negative bias which has not been troroughly investigated occurs.

5. Advantages and Disadvantages

The sampling device uses only filters and involves no liquids.

Oxidation of a significant fraction of the particulate sulfites
and sulfur dioxide in the sample is unavoidable.

Because identification is based on retention time, interferences
may not be easily identified (see Section 3.3).

A-17
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SULFATES, SULFITES AND SULFUR DIOXIDE
Measurements Research Branch

Analytical Method

Analvte: Sulfates, Sulfites Method No.: P&CAM 268

and Sulfur Dioxide

Range: Sulfates: 0.1-10 mg/m3
Matrix: Air Sulfites: 0.1-10 mg/m3
S0y: 0.04-4 ppm

Procedure: Particulate sulfates (200-L air sample)

and sulfites collected

on filter; SO; on Precision: 5%

treated filter; (Analytical)

analysis by ion

chromatography
Date Issued: 7/2/79
Date Revised: Classification: E (Proposed)

Svnopsis

A known volume of air is drawn through a filter train consisting of a
cellulose ester membrane filter fecllowed by an impregnated cellulose
filter containing potassium hydroxide. Particulate matter, including
sulfates and sulfites, is collected on the first filter, while sulfur
cdioxide passes through the first filter and is collected on the second
filter,

The filters are extracted with deionized water and the extracts are
analyzed by anion-exchange chromatography. The following quantities are
obtained:

SO, concentration: calculated from the sulfite peak on the
impregnated cellulose filter chromatogram.

Total sulfates concentration (sulfuric acid plus soluble
metal sulfates): from the sulfate peak on the untreated
cellulose ester membrane filter chromatogram.

Particulate sulfites concentration: from the sulfite peak on
the untreated cellulose ester membrane filter chromatogram.
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Shipping :

After sampling,the samples and the blank should be shipped in a
suitable container designed to prevent damage in transit.

Reference:

"Sampling and Evaluating Respirable Coal Mine Dust", US Bureau of Mines,
Pittsburgh, Pa. Information Circular 8503, February, 1971, p. 47.
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Sampling Procedurc: ~

K 1. Assemble the filter and three-piece filter cassette and close

o firmly to insure that the center ring seals the edge of the filter.
Examine the holder for a good filter seal. 1If the cassette willnot
seal tipghtlv, it should be discarded. 1If respirable dust is being

A e

measured, the center ring is not included in the filter holder. The
filter cassette should be held together by a shrinking band or tape.
Ef 2. 1f teotal nuisance dust is being sampled, remove the filter holder
plugs. Attach the filter holder to the sampling pump with a 1/4 inch
. diameter,3-foot piece of tubing and an adaptor. The adaptor is used
ﬁ to provide a tight connection between the filter holder and tubing.
—
3. 1f the respirable dust is being sampled, assemble the two-piece filter
holder, coupler, cyclone,and sampling head. The sampling head rigidly
holds together the cvclone and filter holder. The outlet of the
sampling head is connected to the pump by a 3-foot piece of 1/4 inch
flexible tubing.
s . \ .
L. Clip the cassette or cvclone assembly to the worker's lapel. L
5. Turn the pump on and begin sample collection. The pump {low rate ,;Q
should be checked periodically and readjusted if necessary. K
. -]
. 6. Terminate sampling after the predetermined time and note sample o
flow rate, collection time,and ambient temperature and pressure. -
1{ a pressure reading is unavailable, record the elevation. o
-]
7. Collected sample cassette should be firmly sealed with the plugs 1_;
in both the inlet and outlet. e
o
F! 8. With each batch of samples, submit one filter subjected to exactly 3
the same handling as for the samples except that no air is drawn through _—
‘ it. Label these as blarks. § f
: Sy
. Special Considerations : ) ‘

t

S
Parar

1. Filter holders molded from cellulose-acetate-butyrate,which is
commonly known as Tenite plastic,have been shown to cause blank
filter weight gains and must not be used.

_x

-

2. The alignment of the filter holder and cyclone in the sampling head
- must be checked. 1If these parts are not aligned properly, leakape
can result.

p
i

.
. ‘). LIS PP

cw

3. Before use, the cyclones grit cap or vortex finder should be removed
and the interior of the cyclone should be inspected. If the inside
v of the cvclone is visibly scored, this cyclone should be discarded
l‘ since the dust separation characteristics of the cyclone might be
altered. If it is dirty, the interior of the cyclone should be cleaned
before use. This will prevent the reentrainment of this dirt.
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PARTICULATES

Substance :
Irert or Nuisance¢ Dust

Standard:
f-heur time-weighted average for respirable dust: 5 mg/m3
8-hour time-weighted average for total dust: 15 mg/m3
Reference: 29 CFR 1910.93

Analivtical Method:

The amount of material on a filter is determined by filter weight gain.
Befere sampling,the filter is pre-weighed to the nearest 0.01 mg. After
sarpling, the filter is reweighed. The difference in the filters weight
is assumed to be the mass of material collected.

Sampling Equipment:

Pump: A calibrated personal sampling pump whose flow can be determined
to an accuracy of + 57%. The pump must have been calibrated with
a representative filter and filter holder in line. If the respirable
dus: concentration is being measured, the pump must have a pulsation
darmpener and be certified under 30 CFR 74,

Filter Helder: 2 or 3-piece,37-mm filter holder held together by tape
or shrinking band.

Filter: 37-mm diameter, 5.0 micrometer pore size polvvinyl chloride
filter or equivalent that has been pre-weighed to the nearest
0.01 mg. These filters must be hydrophotic. The filter should
be supported with a back-up pad.

Cvclone: 10-mm nylon cyclone. When the respirable dust concentration is
measured, it is used with a 2-piece filter holder.

Samrling Head Assemblv: This assembly must hold the filter helder, cvclone
and coupler together rigidly so that air enters only at the cvclone
inlet.

7

Sample Size :

A minimum sampling period of 60 minutes is recommended and longer periods

up to eight hours are preferable. 1. the respirable dust concentration

is being measured, a flow rate of 1.7 liters per minute must be used. To
determine total dust concentration, ase a flow rate of 1.5 liters per minute.
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ODORANTS

To satisfy the need for an objective analytical technique for assessing
diesel exhaust odorants as a group, the Diesel Odor Analysis System (DOAS)
has been selected for use during this study.* The sampling portion of the
DOAS method is based on the collection of filtered exhaust emissions over
Chromosorb 102 adsorbent. The analytical portion of DOAS is performed by
elution of the adsorbent with cyclohexane, separation with methanol, and
analysis using silica gel liquid chromatography with ultraviolet absorption
detection. The method separates the total organic extract into paraffinic
and aromatic, and polar (oxygenated) fractions. Because previous sensory
studies have shown that smoky-burnt odors are the prime contributors to the
total diesel exhaust odor and that the smoky-burnt odor is associated with
the polar (oxygenated) fraction, this fraction best assesses the total in-
tensity of the odor or aroma.

The total intensity of the aroma (TIA) scale has been generally accepted
as a useful means to subjectively quantify odors when the risks to human
judges are low. During potentially high risk exposures, the DOAS produces
results that can be compared with the TIA scale. A number of studies have
shown that the DOAS method gives good correlation with diesel odor intensity
as measured on the TIA scale. Equation 1 is used to estimate the TIA from
DOAS pclar fraction (methanol extract) data.

TIA = 1.0 + 1.0 Tog "

Eq. 1
where: f = the polar fraction in mg/m3
With r = 0.996, and 26 = 0.32, the +0.32 TIA 95 percent confidence limits
are better than normally observed (0.4) in odor observations.

* Levins, P.L., et al. Chemical Analysis of Diesel Exhaust Odor Species.
SAE Tech. Paper 740216, 1974,
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5.6 A disadvantage is that a plank correction must be made for the fiber glass filter. Also, care
l must be taken to avoid evaporation of the extract to dryness.

5.7 A further disadvantage is that the ultrasonic extraction must be done in a sonabox to reduce
the unacceptably high noise level.

6. Apparatus
6.1 Sonifier Cel! Disruptor, 20 kHz power ultrasonic generator capable of dialing 70 watts accu-
rately, with a 1.27-cm (¥ -inch} horn disruptor and Sonabox. .
Liquid Chromatograph, with stainless steel column 2.6 X 300 mm, UV Detector with 254
nm filter and loop injector with a capacity ranging from 0.1 to 2 ml.
6.3 Strip Chart Recorder with Disc Integrator.
6.4 An approved and calibrated personal sampling pump for collection of particulate matter.
Any vacuum pump whose flow can be determined accurately to within 1 lpm or less.

i 6.2

*Refers to % of TpAH in the extracted material.

TABLE 4
Elution of Some Indoles, Carbazoles and Aromatic Aldehydes
% Eluted PA ug
A Compound taMin. Through Column x 10
Indole 53 82 1.1
Carbazole 11.8 67 0.7
4-H-Benzo(def)carbazole 8.0 98 2.0
11-H-Benzo(a)carbazole 14.5 55 3.0
7-H-Dibenzo(c,g)carbazole 18.0 92 2.1
' N-Phenylcarbazole 23 74 1.8
l N-Ethylcarbazole 2.5 98 0.5
5-Methyl-5, 10-dihydroindeno(1.2-b) indole 2.8 103 19
2,3-Dimethylindole 53 90 55
2-Methyicarbazole 6.8 100 0.8
2-Hydroxycarbazole Retained on
column
Retained on
) ] N-Ethyl-3-aminocarbazole column
' Benzaldehyde 12.8 56 1.1
2-Naphthaldehyde 8.2 78 03
*Peak Area
]
; TABLE §
| Comparison of Ultrasonic and Soxhlet Extractions
E - Ultrasonic Soxhlet
| Sample No. PA/us % Eluted’ PA/,g % Eluted:
| 1 0.575 51 0.449 28
. 2 0.562 53 0.509 —_
: 3 0.567 50 0.500 —_
: 4 0.579 48 0.545 31
. 5 0.560 44 — —
| 6 0.573 44 — —_
| Average 0.569 49 0.509 30
: Rel. Std. +1.33% *+26.1%
- Dev.
’ ’ Ultrasrnic /Soxhlet Recovery = 1.14
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TABLE 6
Recovery of Added PAH

Peak Area
Soanified Standard
R Compound Sample, ,g Filter + Std. Solution % Recovery
N Anthracene 0.035 1005 1055 95.0
Phenanthrene 0.147 1155 1185 97.5
Benzo(a)pyrene 0.355 1846 1880 98.2

7. Reagents

8. Procedure

8.1.1

8.1.4

6.5 Column Bypass.
6.6 Fisher Filtrator and medium sintered glass filter.

6.7 U.S. Standard Sieve Series No. 120, with 125-micron openings.

7.1 Cyclohexane, ACS spectroanalyzed, distilled once from glass.

7.2 Polynuclear aromatic hydrocarbons.

7.3 Glass powder, spherical, non-wettable, 38-53 microns in diameter.
7.4 Corasil II.

8.1 Extraction

The 1.27-cm horn of the sonifier cell disruptor is supported in a sonabox to reduce
noise. The sonifying vessel is a beaker 3.8 cm 1.D. X 10 cm tall. The end of the
hom is set about 0.6 cm above the bottom of the beaker to insure adequate *‘stirring”
of the mixture and equal exposure to areas of intense cavitation. Approximately
16 square cm of the exposed glass fiber filter and blank are cut into roughly 1.3-cm
squares to facilitate shredding. The sonifying vessel is surrounded by an ice water
bath up to the level of the solvent mixture.

Homogeneous replicate samples of approximately 16 square cm of exposed and blank
glass fiber filters are prepared and adjusted to exactly 100 mg. This weight neces-
sarily includes both the particulates and the glass fiber. These samples were used to
maximize parameters and for comparison of ultrasonic and Soxhlet extractions, shown
in Table S.

Samples (.- routine analysis are not weighed. Only the areas of the sample (16
square cm) and the whole filter, the volume of air sampled and the volume of extract
injected need to be determined. Sample at rate of at least 2 Ipm for 1 hr or more.

Extraction Procedure. The sample, 60 ml cyclohexane, and 5§ ml silica powder are
placed in the sonifying vessel, and sonified for 8 min at 70 watts. The supernatant
is decanted into the sintered glass filter supported on a Fisher Filtrator. Cyclohexane
is added to the sonifying vessel to the level of the original mixture (usually about 50
ml). Sonification is carried on for an additional 4 minutes. The contents are filtered
and combined with the first fraction, and rinsed with 50 ml cyclohexane. The fil-
trates and rinsings are collected in an Erlenmeyer flask and evaporated to about § ml,
transferred quantitatively to a 10-m! volumetric flask and made to the mark.
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8.1.5 Sample and blank filters (8.1.2) are extracted by Soxhlet with 80 m! cyclohexane for .
6-8 br, for comparison with the ultrasonic extraction. See Table 5. After filtering, .
the extracts are evaporated in the same manner as the ultrasonic extracts. :

8.1.6 The glass fiber filters used for air sampling should be as free as possible of soluble !
compounds which absorb at 254 nm. It may be necessary to flash fire or extract them
and care should be taken to avoid contaminating them. g
'
|
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10.

8.2.2

To test the performance of the column, the percent of PAH which elutes is calculated
from the peak areas through the column and the column bypass. Typical chromato-
grams from column and tubing are shown in Figure 2. Recovery of benzo(ghi)perylene
was 99%. The percent of other hydrocarbons which eluted through the column ranged
from 91 to 105, Table 1.

8.3 Anmalysis Procedure

8.3.1

8.3.2

An appropriate volume of extract is injected through the Joop injector. A flow rae
of 1.6 ml/min gives a pressure drop of less than 800 PS1. The peak area is measured
with a disk integrator, driven by O to 10 servo strip chart recorder with a 0.5 in/min
chart speed. The PAH clute in 3 to 5 min. Benzo(a)pyrene is used as the standard.
Polar compounds are retained on the column. Samples can be chromatographed every
S to 10 minutes.

The column bypass is also used to determine the percent of PAH in the organic ma-
terial of the extract. Chromatograms of sample extracts made on the column and
column bypass are shown in Figure 3. On the basis of absorbance measurements at
254 nm, approximately 50% of the organic material in the unchromatographed ex-
tract is PAH. This procedure is not necessary for routine analyses, but is helpful in
elucidating the analytical situation in research samples.

8.4 Effects of Storage

84.1

842

843

Urban particulates on glass fiber filters stored in the dark in an envelope for one year
lost 32% of their benzo(a)pyrene. Losses of some other PAH ranged from 1-88%
(11.5).

Benzene-soluble extracts evaporated to dryness and stored in closed bottles in a refrig-
erator were stable (in terms of benzo(a)pyrene concentrations) for 4 years (11.6).

The ultrasonic extract is stable in the dark at room temperature for several days,
longer in the refrigerator. However, losses usually occur after about two weeks.

9. Calibration and Standards

The benzo(a)pyrene (BaP) standard is made in cyclohexane and is chromatographed when the
samples are run, and repeated whenever a parameter such as solvent lot is changed. Both standard

and samples
results when

are run at concentrations which do not overload the detector and give reproducible
diluted. For example, 0.4 g BaP gave a peak area of about 2000 and fulfilled the

above criteria.
The standard is expressed in terms of peak area per microgram (PA/ug). The unit of measure-

ment for the

samples is corrected peak area per cubic meter of air (PA/m3). The BaP equivalent

of the TpAH is calculated from these data (10.2). The standard is kept in the dark and is stable
for more than 30 days when refrigerated nights and weekends.

Calculstions

10.1 The peak area of the TpAH in a cubic meter of air is given by the equation

where:

PA
v
A

A i T T A A . T T T

,_PAXAXB
PA/m* =V xaxb

= Peak area, corrected for the blank
= Volume of air sampled in m?, corrected to 25°C and 760 Torr
= Area of whole glass fiber filter in cm?
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B = Volume of extract in ml -1
a = Area of glass fiber filter sample in cm®
b = Volume of extract injected in ml —dJ
: 10.2 The concentration of the TpAH may be expressed in terms of their equivalent in benzo(a)- s
pyrene.
.o _ PA/m? air (See Table 7)
TpAH(ug)/m’ air = “PA7 o benzoa)pyrenc (See Tabic 1) J
ia | | | | ] Pl d
o A s -
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FIGURE 3. Chromatograms of ultrasonic and Soxhiet extracts of composited sample No. 1, Table 6 Z:.'_.
and bianks, through the column (A) and through the colums bypass (B). Stationary phase, -
. Corasil II; eluent, cyclohexane; flow rate, 1.6 ml/min. Solid limes are uitrasonic extracts;
broken lines are Soxhlet extracts. Extracts were diluted x 3.3 for column bypass,
TABLE 7
Analysis of Particulste Samples
a TpARD
j Comrected  m* Al PA/m (g’
Description Peak Area Sampled A Alr
Urban 1 1200 1500 1120 0.211
Urban I1 620 1500 580 0.109
Urban II1 545 1500 509 0.096
Mt. Storm 0 1673 0 0.000
'_ *See Calculations—Section 10.1. “See Cakulations—Section 10.2. R
11. References 1
11.1 Brown, B. and J. E. Goodman, High Intensity Ultrasonics, Industrial Applications, Chapter 2, ]
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| 11.5 Commins, B. T., in Analysis of Carcinogenic Air Pollutants, E. Sawicki and K. Cassel, Jr.,
: Eds., National Cancer Institute Monograph No. 9, p. 225, 1962, ]
) 11.6 Sawicki, E., R. C. Corey, A. E. Dooley, J. B. Gisclard, J. L. Monkman, R. E. Neligan, and ‘!
L. A. Ripperton, Health Lab Sci 7:56, 1970. o
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NOTES ON CONTINUOUS AIR MONITORING DATA

FIELD DATA REDUCTION

During the magazine air monitoring, the Apple computer took approximately
45 readings per minute from each of the six instruments (502, C0, NO, NOX,
and two air flow velometers). Approximately 3 million individual readings
were taken during the period from July 23 through August 3, 1984. These
readings were collected during: 6 unloading tests, 6 loading tests, and 23
warehousing tests. The sampling covered approximately 190 hours of air
monitoring. At the end of each minute of sampling, an arithmetic average was
calculated of the readings for each channel. At the end of each sampling
period (5 or 15 minutes), these averages were written as a subfile onto the
computers data disk.

A single sequential text file was created for each hour's data at each
sampling location. Therefore, a single-hour file might contain as many as 12
individual sampling period subfiles (in the case of a 5-minute cycle at one
location) or as few as 1 sampling period subfile (in the case of a 15-minute
cycle with four locations). Each subfile begins with the first minute of the
sampling period (e.g., 5, 10, 15, etc.). This is followed by an 8 x SP
matrix containing the l-minute averages (where SP is the length of the sam-
pling period). A 15-minute sampling period therefore contains 120 entries
after the starting minute figure. An entry of "****" was used whenever an
instrument was off line.

CALCULATION OF AVERAGE READINGS

The field sampling sequence operated on either a 5-minute cycle or a

15-minute cycle. At the end of each cycle, the sampling location was switched

to the next Tocation in the sequence. Although individual l-minute readings
were stored on the computer's data disks to simplify the data analysis, it
was desirable to calculate averages for the entire sampling period of each
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instrument. Because of the slow response time of some instruments, the first Z
Il few minutes of data recorded after a switch in location could not always be :i
considered valid. The following l-minute readings were therefore averaged to ‘?
. come up with the overall average for the two types of sampling periods: 'j
Minutes averaged —
= Channel 5-minute cycle 15-minute cycle ,,
S0, 4-5 4-15 A
= co 2-5 2-15 ]
NO 3-5 3-15 o

NOX 3-5 3-15

Air 1 1-5 1-15
Air 2 1-5 1-15 B
l b |
ZERO-DRIFT CORRECTIONS :
During air monitoring of the forklift operations, continuous monitors ]
. may experience slight drifts in their zero response. This drift is detected ol
from the output of each instrument's "backup" strip-chart recorder. The zero R
drift experienced during the tests was negligable (less than 5 percent of the i
average reading) for all instruments, therefore no zero-drift corrections ~f
. were needed. -4
DATA TABLE DESCRIPTION 2
The continuous monitoring data are presented for each vehicle test (by ]
N sampling location) for sulfur dioxide, carbon monoxide, nitric oxide, and -i

oxides of nitrogen. The recorded air velocities detected at each ventilation

duct are also presented. .J
The schedule of the test operations is presented in Table B-1. The 3
actual test data are presented on Tables B-2 through B-49. Data is identi- of

fied by each test (1-29) operation (loading, unloading or warehousing),
vehicle type, magazine type and sampling location.

S
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TABLE B-2. TEST NUMBER 1: CONTINUOUS AIR MONITORING DATA !
Operation: Unloading
Vehicle: Stil1/Deutz (No. 1)
Magazine: Stradley (B)
Sampling location: Forward
Elaceed ={uje Co NQ) NOX AIRY AIEZ
T.ma Tlme (FFE: (FFM) IPER (FFR) YCFM) (CF M
1o 10 ) I S Y AKX K 8sz &1
1rs g0 iR 7 0.6 45 87 114% 12
1ignn i 1&£0 DY 414 447 1220 574,
itire 20 Tl & 1.0 1471 1£40 840 o7
1140 AN 197 1.4 6?5 744 1145 10e? ‘
12200 110 7 AXEX 1076 1147 1184 HLG ;
12: 000 170 =1 1.7 184535 20T 1049 847 :
1Z2:40 150 176 0. & 491 567 914 89E ‘
1708 175 40 T.0 S0 1025 9az 1051
17:0% 195 T4 Tl 771 899 1477 1744 :
1745 oL 457 T.S 11684 1207 14601 1170 !
14: 05 ITs S0rés .S ¥ERN KH %% 1T61 1470 1
14: 2% 255 577 4.1 2078 1962 145 1047 :
14:45 75 27 S.4 1001 1047 1078 1259
15: 05 elols) on 4.5 118¢ 1420 1270 216
15: 25 T1is 240 Ta0 707 794 12160 11731
T4 75 428 .4 10472 1i52 1541 1574
1&: 700 750 R ¥ XA 85 49 1287 1185
R RN To Td a2 7830 827 1219 go.c
e TG0 TZ6 Z.9 710 789 1720 1764
16:50 40 294 T 69 8O 1608 1630
17:10 40 aee .7 7Y gzL 1165 Qo 1
T T0 a4 =0 T.7 1189 1785 &0 1 L0s |
17:50 460 ¥k (ST R NS * KOk ¥ 1333 ¥k % |
Mear RIS b 741 1G71 11897 1008
Ma 1mum &5 4.5 2Ok 2057 loté )
Time at mar-imum 17700 15: 0% 14: 215 17200 16:50 ‘
|
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TABLE B-3.

Operation:

TEST NUMBER 1:

Vehicle:

Magazine:

Sampling location:

Unloading

YT wR T . T e T W W W e v

CONTINUQUS AIR MONITORING DATA

Still/Deutz (No. 1)
Stradley (B)

Rear

AR A B

T 20 135
100245 o5
1iv0s S5
11:0% 75
1i:4% Y&
FNE O 11
1.0: 2% 175
12:14% is%
1210 13
1770 T
1.0: 50 PPN
141 Ta
14: 70 24570
14:50 s &
19010 T
15: 70 RSN
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16215 5
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17:99 445

Sz

FFED

*¥ 42
RS
154

ofs
(FFM)

W
O,
[
4 -~
P -
1.4

ko &

T
Nl

Ll

v

DR IRRU R R

'
4

EYa

L R N AR B U I CORR N B £ S P | B e B

ot U LISV RS B B

E

o5 48
172 15
547 &0’

10&4 1127

175 145
1287 oD
1362

1525

16:55

,,
S
i

F S O IS

107~
12
1077
15eT
1o
1140
3 é\ J:-
Lan') il
PR

1200
8ll6
123
1586
8T8
Tl

LR D B

B-8

B A e 2
R R

)
IR 7 WY

oL

. P

| T

_ i

cona al e 2




1l Y
TN
I

L O
[
177 e T
{ =
1y n

[T
fes I
le:ran
17 v
i o
170

TABLE B-4.

Operation:

Vehicle:

Magazine:

Sampling location:

1
-~

1 =
.
TOF

L&
oyr
mun 17 TE

TEST NUMBER 1:

Loading

CONTINUOUS AIR MONITORING DATA

Hyster/Isuzu (No.
Stradiey (A)

Forward
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TABLE B-5. TEST NUMBER 1: CONTINUOUS AIR MONITORING DATA

Operation: Loading

Vehicle: Hyster/Isuzu (No. 2)

Magazine: Stradley (A)

Sampling location: Rear

Elapsed sz Cco

Time (FEE) {(FFM)
5 b4 0.5

&S 4868 2.0
8% S8 2.3
105 585 2.7
125 527 i.4
145 w71 1.6
165 KK X ¥ KK %
17¢ 419 .8
190 g Z.b

486 4.3

20 3.6

4G4 Z.8

52 .8

03 Z.6

40 3.9

IS 2.5

z45 262 I, b

5 Zé4 z.8

RG] 152 z.5

95 22 .3

418 472 Z.8

475 144 T.2

455 %ok KK WOk R
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LI 5859 4.3
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(FFB)
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‘! TABLE B-6. TEST NUMBER 2: CONTINUOUS AIR MONITORING DATA g

g Operation: Unloading E¥§
- Vehicle: Stil1-Deutz (No. 1) o
38 Magazine: Stradley (A) =1

x Sampling location: Forward 27

et a2 g Uittt it 2 2 S 1 i 2
- Elapsed SLo Co NO NO¥ AIR1 ATRZ NE
- Time  Time (FFE) (FFM) (FFE) (FFE) (CFM) (CFM- L

« G310 0 4z 1.5 5 10 1795 169 L
Ay 8270 e 0o 1.9 471 S04 1578 1772 "l
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e 12:10 40 615 T.017I7 2019 1640 1574 e
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H 1%:10 00 497 3.3 1168 1249 1270 161€
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‘T'.'Tﬁ

14: 30 3680 756 2. 669 729 2161 2164 .
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1
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e
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. 16:10 480 Io2 2. 718 B16  204% 205§ o
e 16:30  Son 111 2.4 300 I3E 1968 ZORO S
- 16:59 520 kkkk SITIN T AARX 2010 1967 A
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3
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!! TABLE B-7. TEST NUMBER 2: CONTINUOUS AIR MONITORING DATA

Operation: Unloading

Vehicle: Stil1-Deutz (No. 1)

-
'i' Magazine: Stradley (A)
= Sampling location: Rear

- Elapsed saz Cco NO NOX AIR1 AIRZ
) Time Time (FFE) (FFM) (FFED) (FPR) (CFM (CFM:

8:15 5 41 1.5 35 10 1797 1647¢&
8:3% 25 2z 2.2 752 776 1749 1717
[ 8: 5L 4% &7 2.7 22¢9 2525 1790 1747
F: 15 65 864 T.0 2501 2679 1191 1287
975 a5 51 2. 1690 1818 1447 1667
2155 105 246 2. 1120 1197 1677 1655
10:15 125 94 .00 1425 153 1092 1004
. 10: 35 145 704 I.3 1849 2022 1176 1357
. 10: 55 165 478 3.2 1347 1481 1885 1866
, 11:15 185 55 .5 1943 1968 1478 1500
11:75 205 5750 I.10 1427 1575 1556 1551
11:5%5 225 57 I.00 1151 1221 207¢ 2000
12: 1% 245 439 IT.0 0 1761 1470 1847 1763
12:35 T65 535 3.2 1673 1760 1849 1774
ﬂ 12:55 285 &9 T.3 1745 184¢ 16546 1610
- 17115 TO5 249 2.8 1141 1180 1816 1645
N T TH 25 728 2.7 1071 1140 1282 1297
i 13:55 4% &4 2.9 1599 1809 2029 2107
14:15 TET 5550 IT.0 0 1665 1775 17467 1800
14:35 69 528 2.6 1448 15673 1770 1488
14:55 405 s7T7 2.6 1347 1859 20673 1632
i 15:15 4:5 540 2.7 1487 1647 1581 1689
- 15: 75 445 782 2.8 2250 2771 1559 1549 :
15:55 46% 555 2. 1288 1272 2179 2094 S
. 16:15 435 P 2. 2092 2712 1947 1842 g
; 1e: 78 505 RH RV AXRY KKK 1333 XXE N RKKN W)
Mear 508 2.8 1511 1647 1697 1674 fﬁ
Ma: 1 mum 10 3.5 2501 2771 2139 2100 jﬂ
Time at marimum 1&£:1S 11:1% F:15 15: 38 15: 5% 17:85 -:.:1
L - e T e s T T T T T T T e T T T T T T T SRR TN E M ::J
h :

£~
.

.-
'
Pl o of
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!! TABLE B-8. TEST NUMBER 2: CONTINUOUS AIR MONITORING DATA

o Operation: Loading

Vehicle: Hyster/Isuzu (No. 2)

Y Magazine: Stradley (B)
]
= Sampling location: Forward
b
R T I L S T N S T T T SN T T T T T T T T R T T T T T T T S e e e e
Elapsed 502 co NO NO Y AIR1 AIRZ
Time Time {FFH) (FEM) (FFE) (FFE) (CFM) (CFM) -
, g 20 10 a5, 4.0 760 757 2000 17532 .
E:40 T gBe 4.7 2357 2604 1456 1499 -
r PO 50 &4 4.7 14654 1847 1768 1640 o]
Q20 70 734 4.7 2166 2588 13518 1395
9: 40 50 487 I.8 1586 1785 1679 1614 \
1000 1o 6O 3.7 1553 1732 1241 1327 "]
10: 20 120 770 4.1 1805 2092 1588 1491 1
10: 40 150 871 5.2 2565 2747 1737 1674 .
3 11800 175 1112 5.2 2606 3122 1298 1355 -
" 11:20 10 985 5.0 2197 2567 17564 1597
11240 210 708 4.2 1600 1945 1223 1207 )
12200 DT 795 4.7 1893 2271 1747 1625 by
12: 20 TS P00 4.7 2154 2520 1590 1796 v
12: 40 o700 754 4.1 1862 2230 1448 1419 "
T 00 290 1014 4.4 2190 2475 1492 1538
] 1320 10 226 T.0 597 667 16687 1719
. 12:40 T30 om7 2.9 420 504 1435 1449
14: 00 T 444 .2 901 1033 1897 19264
e 14:20 70 449 T.00 1192 1417 1758 2010
- 14340 90 424 | 897 1083 2082 1968
15: 00 410 745 .9 711 809 2063 204€
= 15: 20 430 S I.2 1676 1945 1587 1641
: 15: 40 450 277 2.7 658 791 1960 1941
16200 470 170 2.5 327 414 1940 1985
16: 20 490 &8 2. 62 oS 204% 2029
e 16240 510 Kk*4 R KKK KKK K KEX¥ XK K
E Mear 594 7.8 1447 1662 1672 1665
E - Ma1mum 1112 5.2 2406 122 2082 2048
" Time at macimum 11:00 11200 11:00 11:00 14:40 15: 00
. ¥ 45 34 331 543 4 443 FF F 32 ¥ 24+ 3+ + 2 34+ 1 ¥ 12 E 3+ 1 3+ 1 3 4 1 2+ 3 5 23

B-13




" TABLE B-9. TEST NUMBER 2:
L Operation: Loading
- Vehicle: Hyster/Isu
T Magazine: Stradley (
o Sampling location: Re
Elapcsed sz co
Time Time (FPERS (FFM)
: 29 15 SIS 3.8
o E£:45 5 1314 5.6
[ ] 9: 05 55 1185 5.0
9: IS 75 1421 5.9
. F:45 %5 727 4.2
10205 115 1041 4.8
10: 2% 175 1078 4.8
- 10: 4% 155 117& 5.6
. 11:05 75 1772 5.9
- 11:25 155 7273 4.5
11:45 25 87 T.7
o 12:05 275 5469 z.9
- 12: 2% 255 10 .4
12:45 75 1044 4,7
p 17:05 295 30 4.4
% 17: 05 15 502 I.7
17:45 T8 487 T.3
. 14: 05 55 460 T2
o 14: 25 75 80 I
o 14: 45 95 495 3.2
£:05 415 241 2.8
- 15: 25 475 12 I.0
15:45 455 481 3.7
16:05 475 129 2.7
, 16:25 495 69 2.2
< 16: 45 515 222 L2
[
Mear 709 4.0
Mas i mum 1421 5.9
Time at marvimum 9:28 9:2S
. 3 44 -5 3 4 452 2 5 2 423 3 5 51
e

CONTINUOUS AIR MONITORING DATA

zu (No. 2)
B)

ar
NO NOX AIR1 AIRC
(FFB) (FPFR) (CFM) (CFM»

23469 2628 1847 1716
3191 2562 1616 1652
2674 2826 1858 1757
323 387 100% 1168
2017 2231 1608 13579
2244 2675 1044 1212
2039 23873 1497 1626
2744 248 1770 1815
3371 S792 25 1375
1689 1920 1840 1641

1145 1344 177 1964
1371 1601 1798 1776
1194 1518 1224 1184
1920 2154 18773 1897

2278 2547

1223 i4=4

1340 1741
19173 1781

1088 14172 1302 1221
978 1146 1754 1762
04 1075 1920 1907
1026 1214 2018 1972

778
1206

2267 2282
1679 1710
1714 1571
2171
1989 1940
KK %

640
10473
1026 1193

391 4735

61 &7
XK ¥ ANKN

1671 1933 1686 1676

II3T1 878 2267 2282
11:05 F:25 15: 0% 15: 0%
CrrrrsorErRCrECCETESSSSSEEXESmn

B-14
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«a
LIRS

F TABLE B-10. TEST NUMBER 3: CONTINUQUS AIR MONITORING DATA
Operation: Warehousing
Vehicle: Hyster/Perkins (No. 3)
Magazine: 1Igloo (C)
Sampling location: Center
Elapsed NO NOx
Time Time (PPM)Y  (PPMD
12:30 0 0.00 .00
12:40 10 9.44 9,01
12:50 20 19.25 14,21
13:0¢0 30 17.36 20.1%
13:10 40 20,52 22.%3
13:20 St 18.15 22.%83
Mear 12.45 14,75 2
Max 1mum 20.52 22.53 o
Time at Maximum 12:10 13:20 =
A
LS
u:_-.
c:~'::
A
S
3
\
A
[ B-15
T T A e




TABLE B-11. TEST NUMBER 4: CONTINUOUS AIR MONITORING DATA

Operation:
Vehicle:

Magazine:

Unloading
Stil1/Deutz (No. 1)
Stradley (B)

Sampling location: Forward

ettt gt et 4+ S-S+t F 2 2+ 1+ L L 2

Elapsed saz cOo NGO NOX AIR1 ARIFRZ

Time Time (FFH) (FPFEM) (FFE) (FFE) (CFM) (CFMD
7:595 10 X KK Aok¥ kKX ¥OK X ¥ KK X IS S8
8:10 ZE 1 0.1 9 Z1 418 426
g8:5% 70 537 1.1 ZT3E80 2792 922 4510
P:15 P T94 1.1 2275 24467 498 434
G: 35 11¢ 90 0.9 2669 2876 496 477
?:550 170 217 0.7 15371 1781 457 477
10:15 185G D69 0.6 1808 1992 472 431
10:35 170 169 0.6 1311 149= 52 42¢&
10:55 190 Z09 0.8 1913 2160 441 426
11:15 210 444 0.9 2250 2857 497 459
11: 25 Z30 274 0.8 1761 1980 474 471
11:95 250 649 1.3 2634 I0L2 434 410
12:1% 270 ZE0 0.7 1426 1671 450 417
12:25 290 470 0.8 2207 2527 471 74
12:55 10 437 1.0 2517 2761 437 429
17:15 I 416 0.9 Z473 279= 444 447
1Z2:78 50 78 0.9 2451 2794 5949 o951
13:55 RN 292 0.8 2029 22464 S41 494
14:15 90 T8 0.8 2088 2359 Sk o8z
14: 35 410 56 1.1 2144 2445 S507 473
14:553 470 47 1.1 2550 2865 470 4227
15:15 450 o867 1.7 2411 2472 S02 409
5:35 47C 551 1.5 2882 2707 459 4734
15:95 490 271 1.5 1961 2047 4465 qiz
16:15 S10 388 ] EXE OKARN ANk X XXk X % %k
Mearn 55 0.9 Z104 2340 475 450
Max1imum 649 1.5 33280 792 S60 S8z

15: 25 E:55 8:59 14:15 14: 15

Time at marimum 11:55

e s e it e S T SR T A e e S LR e T e e M N S e e S S S S e SRV e M M . T SN i MR SR S S m me e e e I T S e S S S e e e e

B-16




TABLE B-12.

TEST NUMBER 4:

CONTINUOUS AIR MONITORING DATA

L
Operation: Unloading f
Vehicle: Still/Deutz (No. 1)
Magazine: Stradley (B)
Sampling location: Rear
o Elapced SOz co NO NOX AIR1 AIRT
. Time Time (FFR (FFM) (FFPE) (PFE) (CEM) (CFM) ]
g:1% 0 8 0.1 29 8 497 460 f
X GO0 5 2T 1.3 IT92 T698 552 537
r 9: 20 9% =49 1.0 2879 T048 526 500
9z 40 115 204 0.6 2870 T044 451 44g
1Gz OO 175 73 0.7 1506 1595 475 420
10 20 155 £9 0.6 1349 1441 471 455
10z 40 175 105 0.6 1379 1499 440 417
. 11200 195 Q& 0.7 1485 1847~ 479 458
n 11200 215 151 0.8 1514 1646 494 448 |
: 11:40 oIS 177 0.7 1250 17272 47¢ 415 ;
) 12000 255 DEE 0.9 1958 2061 445 417
- 12: 20 273 207 0.7 1678 1875 445 42¢ ,
- 12240 265 167 0.8 1694 1926 430 405
17200 15 194 0.7 1781 2032 T46 95
!| 13: 00 ITE 47 0.8 2089 2I27 444 471
- T140 55 4% 0.9 2049 23TI7 571 526 .
14: 00 75 0.5 1415 1610 620 5773 ]
. 14: 20 55 G.b6 1798 1981 575 578 1
a 14: 40 415 7 1.0 1949 2006 474 475 ]
' 15: 00 475 748 1.0 2015 2303 515 456 ;
A 15: 20 455 440 1.1 2118 2124 s27 494 |
- 15:40 75 497 1.6 2398 2IE7 445 471 ]
16300 495 17 1.1 1799 1460 o5 IO !
16: 70 515 X R K K AR KKNK XK ¥ Xk K K XK K \
. \
. Mean 2005, o.8 1828 1984 474 45g .
Ma:s1 mum qo 1.6 T2 T698 620 576 ]
Time at me. 1mum 1540 1Z: 40 Q00 Q: OO0 14: 00 14: 20 3
4
L
: i
_1 |




TABLE B-13. TEST NUMBER 4: CONTINUOUS AIR MONITORING DATA

Operation: Loading

Vehicle: Hyster/Perkins (No. 3)

Magazine: Stradley (A)

Sampling location: Forward

Elapsed s0z co
Time (FFED (FFM)

NO
(FFR)

NG
(FF

X AIFR1 AIRZ
B (CFM) (CFM

d i

Zin

RS IS & IS )

00 oo

ESAE

10
100 28
10:45
11209
11:25
11:45
1Z2:05
12:25
12:4%5
13: 05

17- ne

PRSI )
12:45
14:05
14: 25
14:45
15: 05

15: 25

. al

1545

)
Ta@maaomo

(&

1§

0 4 0.3
10 132 0.6
15 126 1.1
Rt Iie 1.5
&0 X XKk * %K %
g0 417 Z.0

100 745 T
120 267 2.0
140 77 2.

ioD ZP4 1.9
1820 266 2.

pefuTN 461 2.
220 864 4.9
240 723G 4.1
260 Q16 5.5
280 581 4.1
00 851 .1
T30 Q2D S.7
T4 773 4.4
I60 505 Z.1
80 S0 4,1
40)0) 475 2.9
4z 0 4973 I.1
440 44¢ .4
Q& 7z 2.3
480 167 2.1

16: 05 500 XAk % %k %k
1e: 25 S20 *AXN XK Xk
Mean 455 .1
Ma: imum Q20 5.7
Time at ma:imum 13:05 13:05

4355
1074
17321
2079

Ty
P

2693
2330
19469
1929
1760
1917

IO

e
o8BS
e X B
-l 4

4198

e

ERUPCIRWE |

47°9%
4778
652
2942
2617
1953
2935
2612

1;30
Kk %
Xk KOk

2687

5585

11:29

429 417
441 419
4237 424
871 SO7
540 09
494 450
479 42T
472 Q=7
425 415
47 45
464 41¢
445 0oL
417 96

406 416
440 4z
426 41¢
567 541
&6 597
626 b14
497 454

345

<774 489 438
2142 S5 S0O7
XKk X KK X 282
LE R RN ok X
3174 473 451
67756 &7y &14

11:25 14:05 14: 2%

A a_ &2 w4 .
: _'LJ"L_.A'IID.J‘l""

gi
.
' -9
]
B

T

[ A

S YOX
gy A




TABLE B-14. TEST NUMBER 4: CONTINUOUS AIR MONITORING DATA

Operation: Loading
Vehicle: Hyster/Perkins (No. 3)
Magazine: Stradley (A)

Sampling location: Rear

=t -t 2 3 432 24 4 4t I S S+ 3 1+ 4+ 1+ 1+ 1+ 3t e

Elapsed so2 Cco NO NOX ATRL AIRZ

Time Time (FFR) {FFM) (FFR) (FFR) (CFM) (CFM;
750 ] T44 2.5 16464 1974 420 410
8: 05 o0 47z 2.8 2428 2821 404 411
125 49 LS8 3 ERX Rk AKX KKKk 4475 419
g: 350 &5 475 2.8 2720 291 444 471
Pl 85 8964 &.1  S9873 6984 SO0 404
G IO 1US 1027 .2 6201 7118 5SS S0Z
F:S0 129 sZ7 T.9 I82% 4759 492 449
10210 145 791 S.2  4003Z 4664 474 44€
10: 30 165 449 T.6 2892 IS37 452 27
10:5¢C 18% 472 T.9 Z87é& 397 426 416
11:19D 205 8474 &.5% 5045 5985 4461 477
11: 30 229 87¢ .4 5&7%5 6682 464 425
11:50 245 54 4.0 4189 S161 410 474
12:10 265 661 5.0 4046 4881 459 441
12: 20 o8s &40 5.8 3I597 4524 427 9%
105 0g SS9 4.8 3944 4678 4728 409
1Z: 10 225 556 4.4 47361 S296 460 424
17:70 245 SE7 4.7 I877 478% S Se
17:50 165 7 Z.1 2694 122 49 440
14:10 es 41 .6 2073 2587 516 S4¢
14: 70 405 86 T.9 2012 2447 569 954
14: 50 425 497 4.4 =100 3647 468 97
15:10 445, 43 .9 I229 88z 7 417
15: 20 4463 Z7E .1 2876 3254 455 471
15:50 485 147 2.5 2178 2544 447 4z
1&e 10 S0% XXk XEEX KKK W KR X X k¥ *x ¥
Meanr 544 4,7 IS4 4240 464 444
Ma: 1 mum 1007 6.5 6201 7118 569 S%54

Time at mavimum QeT0 11:10 Q30 Q:30 14:30 14.70

T T T T e T T T e T T T T T T T T T S T S T NS s I T ST

B-19
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TABLE B-15. TEST NUMBER 5: CONTINUOUS AIR MONITORING DATA

RSIOR, | ORVEANRVTADS, ] 23PN

I

Operation: Warehousing

Vehicle: Hyster/Isuzu (No. 2)

Comibo

Magazine: Igloo (C)

» o
)
—a..a

Sampling location: Center

Elapsed NO NOx

Time Time (PPMY (PPM)
1a:00 0 ¢.0¢  0.CO
14:10 1G L4¢ 1.47

]
i

14:20 20 5.21 é.41
14:3C 1t 7.89 ¢.53
14:40 40 10.49 12,45
14:50 St 10,76 12,65

15:00 60 10.49 12.39
MR RS 2{ 16,76 12,45
15:20 &0 10,4 12.13

15:30 g0 ¢.97 12,65
15340 100 g.17 10.£3
18:5¢0 11c §.¢S 10.57
Me ar. 7.94 9.4%9
Max imum 10.7¢6¢ 12,65 g
Time &t Maximum 14:50 14:40 N

- - —— - -~ m - = - AL R MmN S e e S R =

e e e e
da b A .

B-20

e T T

- ~ .. .. . C) . - St ety T .
P, LN b W0 W PPN | PR WP WA POV OV, WP . W Y Sy W hAP PSS AT VAT U Gy W U TR T Sl B - VAt WL T S ety O S




TABLE B-16.

TEST NUMBER 6:

Operation:

Vehicle:

Magazine:

CONTINUOUS AIR MONITORING DATA

Warehousing

Hyster/Isuzu (No. 2)

Stradley (B)

Sampling location:

Elapsed
Time Time
1o 78 O
10 TS 1o
1947 jall
10055 0
it 4
11:15 o0
11:25 60
11:22 70
11:45 g
11:5% @0
12005 150
1728 110
17:0% 12n
12: 75 1350
12:4% 140
P 150
1705 160
1715 170

~8 180

. 180
Mean
Masyimum

Time at ma:imum

SOz
{FFR)
160059
1287
1070
TFaT
811
o0
797
1097
47
QL7
777
4691
745
741
861
S5
TO7
789
1004

g44

1287

10:4%

Co

Forward

(FFM)

G Sl o5 TS BE % IR

7
4
1
7
(;T
7
1
]
7
&
8
S
4

NC
(FFE)

LAty 4
4

post ]
2360
T084
2472
1923
21232
2582
2544
2941
2724
2674
2417
2180
1200
17390
1994
2099
2276
2389

2882

2252

084
10:45

B-21

NOX AIR1 AIRZ
(FFER) (CFM) (ZFM:
682 577 557

2848 o2l SZ7
2480 565 555
T129 517 2T
2228 584 571
268& 601 &1

X118 597 a7%
2990 610 &0l
3576 595 &9
31446 S70 o8
3211 ST7 505
2890 58T “I0
2677 S3= 517
2258 S7= Leg
2199 g8 ST¢
2459 597 o8
2530 S54 S9%
116 S23 S74
2965 426 49¢
T267 S71 596
278€ SSE 565

680 610 610
10:45 11:32S 11:195




313 4+ 3+t -+ 1+ 1t -+ 1 3ttt 1t it 3t 424 —Suig—2 S04
El apsed soz Co NG NOX
Time Time (FFE) (FFM) (PFE) (PFE)
17:55 5 4] W &2 1%
12:05 15 415 1.4 2268 2721
17:15 25 70 1.9 2671 193
1 5 ] 595 2.0 2540 2144
1. 5 4% &87 2.5 283Z0 235
1 5 55 70 Z.b 2627 287
5 &S 700 2.5 25881 T100
k] 75 gs54 2.8 3491 4168
5 =] 740 2.4 FT101 353
b ] 795 Z.4 2897 T678
n5 105 745 2.2 3005 T540
g 115 870 2.8 3170 880
S5 125 QO .7 I212 712
S 175 628 2.2 2462 125
| 5 14% &3 2.0 2889 3437
75 155 &20 2.2 ZI6S 2730
: 75 165 1078 2.9 3Z430 4038
15:45 175 897= 2.9 3494 Z940
15:59 13% Q14 2.9 3425 4007
Mean 714 2.3 2764 288
Ma: 1 mum 1078 2. 3494 4148
Time at masimum 15: 75 15: 29 15:4%5 14:
B-35

Operation: Warehousing
Vehicle: Hyster/Isuzu (No. 2)
Magazine: Stradley (B)

Sampling location: Forward

TABLE B-30. TEST NUMBER 14: CONTINUOUS AIR MONITORING DATA

il Loa o s

PSRN S

AN L

ol s s 4

e

T TR .

e /m W SR A B | _L. hPURPESP S5 )

PR




sCx
(FFE)

S5
9:5%
107 O5%
10:18
10: 0%
10: 355
10 4%

17 55

11:05
11:15%
11: 25
11:25
11147

11:EZ

Me an

Ma 1mum
at mai1imum 10:1%

T T T T Y T T T

Time

TABLE B-29.

TEST NUMBER 13:

Operation:
Vehicle:
Magazine:

Sampling location:

1064
1407
1065
1447
1641
1081
11172
g&0
1115
1347
1106
¥FHH¥ R
X4 ¥ ¥
¥ Xk %
IR 2R

1154

1641

Warehousing

Baker/Deutz (No. 4)
Stradley (B)

Forward
co NO
(FPM) (FFE)

T.1l b&&D
.2 T7IT0
4.4 9724
4.0  GBITT
4.4 9711
4.6 Q694
4.8 9835
5.1 98&F
S.7 10075
4.6 9796
=.7 10075
6.8 10075
5.0 9a11
4.9 9871
.8 925
4.6 99S4
5.3 10054
4.9 9646
EFE KKK
EXRE O KNAK
AXEX XN AR
1232 N $3 ¥
4.7 9448
6.4 10075

9:4%

B-34

CONTINUOUS AIR MONITORING DATA

NOX
(PFE)

7758
867
10100
96768
IP7
10074
10104
10104
10104
10104
10080
10104
97
10104
921
10104
100473
9941
1228
XOh ¥ %
XKk X
XX KX

979

10104

Q:25

45
4z 7
408
47
461
&
44z
=Y
ev
47
441
457
46

i g

T6
778
471
a1

47z

10: 45

ey Vs

Py Y S




Elapsed sgz co NO NOX AIR1 ATFRT -
Time T me (FFED (FE (FFE) (FFE) (CFM) (CFM: ‘]
20 O 4 4 .3 T054 T84 TS4 ]
8: 70 10 45,7 1.9 T124 409 45 E
B 40 20 &% I.5 T410 454 anz -~
8: 5 0 S 2.9 4674 425 417 n
93 4 ] .9 T4 98 432 ‘
G . ' LT 4724 418 4724
QL0 b z.4 4180 421 409
G170 70 7.5 4546 407 TO0
S0 o 75 T4 4789 407 474 q
CXRTe G 665 TLE 4758 445 467 B
1ivg (0 100 TR T4 451 ¢ S07 451 -
10: 10 110 81 .2 4451 T4z 86 -
1020 120 717 .1 { 4605 408 404 5
10230 1320 g1z I.5 : S047 360 79 '
1040 140 759 .00 I527 4187 484 510
10350 150 850 s 4737 462 440
11200 160 819 3 4809 427 44¢&
11:10 170 770 3 4458 478 4465
11:20 180 XN % XXk 77 477
11: 30 190 ST XH XK 64 51
11: 40 290 ¥ % % ¥OK K X 389 359
11:350 210 212 KK K 477 530
12:00 230 KOk R K XKk X KKk XKk %
Mean 708 T2 3560 4711 424 4264
Ma: imum 896 = 4019 S047 503 S20
Time at maximum 8:50 P:S0 P:40 10: 30 10200 11:5C
44—+ 4+t + i+t 4+ttt + 3ttt i1t i1t 1t 1+ttt i1ttt i1ttt 4+ %1% -
B-33

TABLE B-28.

TEST NUMBER 13:

Operation:

Vehicle:

Magazine:

Warehousing

Hyster/lsuzu (No. 2)

Stradley (A)

Sampling location: Forward

CONTINUOUS AIR MONITORING DATA




A & &% Wy v Rl el i Mgl st e T g U RV e T T T W t‘“?"' . o & T W, R DR it i S o Nt e ™
i
i TABLE B-27. TEST NUMBER 12: CONTINUOUS AIR MONITORING DATA -
Operation: Warehousing
\ Vehicle:  Baker/Deutz (No. 4) I
. Magazine: Igloo (C) :
, Sampling location: Center y

Elapeed NO NO»
Time Time (FPM)  (PFM)

EE1 ¥ T

- - ——— - = - = e o o o O

13:08 0 .00 ¢.00 -
13:18 10 7.59 10.83 g
- 133128 20 14,19 15,77 2
12:3€ 3¢ 12.92 15.51 !
13:48 40 14,72 17.07 g
13:58@ 50 15,51 16.5% 4
14:08 40 14,98 14,99 1
14118 70 3.5%  14.21 3
5 14:26 &l 13,13 13.43
’ 14338 el 12.41 14.21
14145 104 12,324 15.51
14:58 110 12,93 14.99
15:08 124 13,64 14,99
15118 137 13,13 14.72
) €28 140 12,61 16.02
15:38 15 13.93 15.25
15:4¢8 140 13.4 15.25
15:58 170 13.66 14.73
Mear 12,463 14,11
" Ma s imum 15,51 17.07

Time at Maximum 13:58 13:48
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TABLE B-26. TEST NUMBER 11: CONTINUOUS AIR MONITORING DATA
Operation: Warehousing
Vehicle: Hyster/Perkins (No. 3)
Magazine: Stradley (A)
Sampling location: Forward
Elapsed s02 Cco NO NOX AIR1 AIRD
Time Time (FEER) (FEM) (FFE) (FFE) (CFM) (CFM:
12:585 0 47 1.6 97 284 414 67
13: 05 10 574 2.9 4395 49472 94 TS
12215 20 826 5.8 S060 6787% 401 =71
T 2S5 20 1214 7.9 7350 8414 456 404
13: 35 40 804 6.2 4418 6?48 530 447
17:45 S0 811 S.6 5858 6588 487 49 ]
12:59 60 11183 6.7 G592 6262 478 78
14: 08 70 B&6 6.5 364 6375 50 I60
14:15 =] S0 7.1 3S8B93 64657 483 445
14:25 0 1511 G.5 7697 024 470 461
14:35 100 94< 8.7 6474 800% 437 508
14:45 110 1527 9.9 87342 469 5I& 460
14: 55 120 QC2 8.4 7019 811% 473 474
15: 05 130 105 8.1 6942 8104 49 447
15:15 1440 845 7.4 &I04 bbH64 531 477
15: 285 150 537 £&.6 6283 378 467 389
15: 35 160 877 6.7 6225 7713 402 297
15:45 170 816 6.F 4773%4 S710 526 S04
15:55 180 &b S.7 275z 4484 497 429
Mean QLT &.7 5827 6780 4465 48
Ma:: i mum 1527 9.9 8342 Q4469 936 508
Time at marimum 14:45 14:4% 14:45 14:45 14:45 14: %5
i 3+ 4+ 3+t 3 ¥ ¥+t t 1t 1 111 £+ -+ i1 &1 1+ 111+t i 1+ttt i
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!l TABLE B-25. TEST NUMBER 11: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing

2
;j
3
2

Vehicle: Hyster/Isuzu (No. 2)
Magazine: Stradley (B)
Sampling location: Forward

Elapsed soz co NO NOX AIR1 A
T1me Time (FFE (FPM) (FFE) (FFE) (CFM) (C

1200 b G994 1.7 2027 2470 269 T
1710 15 827 2.7 3289 87 489 415
r 1720 2g 1092 I.2 40721 47=9 417 372
17:30 S 1057 3.3 44692 S5z40 3468 e7
1740 45 @7 2.9 3840 4587 427 Thé
2: 80 sS 865 2.9 775 4310 475 415
14: 00 &S &21 2.1 28853 Z467 402 27
14:10 79 788 2.5 2890 3761 432 440
. 14: 20 8% &9 2.2 28064 3479 429 77
: 14:30 5 720 2.5 Z007 3606 407 407
14:40 105 847 2.9 2944 I909 /472 47~
14:50 115 QLG T.3 3432 42172 426 41
15: 00 125 1104 .5 3708 4740 470 471
15: 10 135 QLD 3.3 415% 4750 491 477
. 15: 20 145 1017 2.7 4244 4861 507 477
: 15: 30 59 966 2.9 3I976 44654 454 50
15: 4¢C 1465 Q08 2.9 3597 4261 445 418
15:50 175 129% 3.6 4136 4977 479 ©e
Mean 92 2.8 3ISCT 4214 439 49
- Ma: imum 1295 T.E 4692 340 SOT 471
Time at maximum 15:50 15: 50 13: 30 13: 20 15: 20 15: Q0
===============:================:=88:===’=:=.===.===='==== ===

D
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TABLE B-24. TEST NUMBER 10: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Hyster/Perkins (No. 3)
Magazine: Stradley (B)

Sampling location: Forward

¥ 3 + 1+ ¥+ 3+t 3+ T 3 T T + T X 1 1 13 1 ittt it i 3+ttt 1+t 1+t 4% 3

El apsed s02 co NO NOX AIR1 AIRC

Time Time (FFR) (PFM) (FPFE) (FFE) (CFM) (CFM
P08 S 18! 9.5 7747 7905 477, 4%
:15 15 1518 8.1 880 F140 47X 447
P:25 25 1072 6.6 7557 8379 84 62
@:ZS 5 14E4 9.7 323 @723 27 422¢
P:45 45 707 2.1 6328 7118 77 51
9:55 SS Q22 6.9 5204 &S79 404 381
10:05 &S 1044 b.b 6961 7997 49 371
10:15 75 1109 7.4 £749 7514 336 T4
10:25 85 1745 @.4 7174 8074 260 T66
10: 25 9% 1072 8.5 7476 85% 407 791
10:45 1085 eer 8.1 6817 7734 377 3646
10: 85 115 1077 ?.2 7250 8334 404 TI6
11:0% 125 1227 ?.4 82027 9479 419 404
11:15 175 910 7.8 6492 7765 381 349
11:25 145 757 b.b 6245 7066 T2 240
11:35 155 1017 8.5 6841 8151 353 402
11:4% 145 711 .6 35744 6746 444 405
11:55 179 1379 ?.5 7453 7817 88 38
Mean 1111 7.9 7148 8002 9T >80
Ma:i 1 mum 1811 9.5 32T @773 47 447

Time at masimum 9:05 11:85 Q:ZS Q@:35 Q:08 9:15

R T T T T R R T T T T R T R T T T S S E S E RS S SN ESEIT oSS
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TABLE B-23. TEST NUMBER 10: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing

Vehicle: Hyster/Isuzu (No. 2)

[ ]
" Magazine: Stradley (A)
- Sampling location: Forward
= -+ + i+ + 1+t 4+t + ¢+ 4+ 1+ 1 1+ 3+ 31 1+ 1 - 1 ¥+t 1t 3 1+ 1+ 3ttt i3I+ 1+t 3331 r5 it
Elapsed sa2 Cco NO NOX AIR1 AlrRZ2
Time Time (FFR) (FFM) (FFB) (FFE) (CFM (CFM)
- Q: 00 Q 4] 0.2 473 by 417 99
" @:10 10 719 0.8 3I06= 3489 =89 416 N
t @20 20 877z 1.7 3840 64 -48 85 .
Q:I0 S0 859 2.4 4447 S527 399 417 -
140 40 841 2.4 4738 5182 Ie1 426 X
9:50 S0 7986 2.8 4137 4962 397 395 :
10:00 &0 789 2.4 3565 43515 438 449 g
- 10:10 70 1105 2.9 4161 489% 403 >80
l 10: 20 ao 8939 .0 4055 44677 445 92
10: 30 AW Q82 2.4 4294 5089 380 334
10: 40 100 1207 4.5 495 764 39¢ 329
10:80 110 1082 4.7 5049 60355 74 265
11:00 120 1210 S.0 4776 S602 411 4
11:10 130 768 3.8 4121 4986 431 387
B 11:20 140 829 T.9 3914 44629 32Z Z49
11:30 150 750 3.2 TB11 4590 4735 3668
a 11:40 160 754 T.3 3507 4754 381 458
11:580 17¢ 740 .1 3459 4491 447 475
Mean 847 2.0 3862 46510 397 392
Maimum 1210 S.0 S049 6055 4487 473
Time at maximum 11:Q0 11:00 10: 50 10: 50 11:50 11:50
2+ F 3 3+ i F + 1+ ¥ {3t 1 I + 1 2 i1+ + i1 1t -3 3 I 3 3t 33 3 31t 1t 3+ i 1+ 3 1 i 4]




n TABLE B-22.

.
v

Opera

Vehic

R 4

Magaz
Sampl

—— e e e e e e e e =

Time at ma:imum

TEST NUMBER 9:

tion:
le:

ine:

ing location:

El apsed suz

T:me Time (FFg?
10y O 587
17:15 10 TG0
e 13:25 20 @
17: 75 0 896
. 17:45 46 Qg1
' T:E5 50 470
14: 05 &HO 798
v 14:15 70 767
n 14: 205 o 47
- 14:75 o0 25
. 14245 100 1067
= 14:55 110 917
e 15: 08 120 7HE
15:15 130 907
[ ] 15: 25 149 651
v 15:35 150 779
15:45 160 686
15: 8% 170 G40
Mear 810
Mais: 1 mum 108=

14:45

CONTINUOUS AIR MONITORING DATA

Warehousing
Hyster/Isuzu (No. 2)
Stradley (A)

IPAT B EEY | TR P o e o)
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TABLE B-21.

TEST NUMBER 9:

CONTINUOUS AIR MONITORING DATA

TR TR TR TN T G T W W WO R T W W ORI TSN NS VT BTN R TR T Y,

Operation: Warehousing
- Vehicle: Hyster/Perkins (No. 3)
. Magazine: Stradley (B)
b
- Sampling location: Rear
! t++ 3+t 1+t 1 1+t 3 1t 3+t I+ 4+ it + 2 1 1 3 1 + 1 1+ T+ 23 3+ -+t T 1 55 1 131 3
o Elapesed esoz Co NO NOX AIR1 AIRZ
Time Time (FFR) (FFM) (FFE) (FFE) (CFM) (CFM)
’, 13210 10 T11 1.4 2374 27T &7 591
- r< 1720 20 835 Z.8 4144 477%S 668 673
f ‘ 13: 30 30 771 4.5 44679 S264 4% T RA
s 1Z2:40 40 8OZ 4.9 4952 5826 466 50
- 13:50 S0 S97 .8 43576 95192 773 7I7
14: 00 60 672 T4 I916 4515 &T0 669
14: 10 70 840 .8 5137 6041 oo8 Rt
14:20 80 1045 5.0 5299 6124 595 S1¢e
14: 70 PO 724 2.9 40352 4564 784 744
14: 40 100 1050 4.4 &34 6745 700 687
14:50 110 1135 5.7 8837 703 708 (Y=
15: 00 120 781 Z.9 4100 478 798 780
15: 10 170 70O .8 =888 4777 &773 Iy
15: 20 14¢C S35 3.5 3644 4238 783 73&
15: 2¢ 150 SE5 .1 2872 T209 751 740
15: 40 160 742 4.2 ZQ02 4558 579 S64
15: 30 170 &70 4,2 ZI23 3990 776 726
Mean 7 “759w~«.hh_}59 4210 4945 &76 &7
— Ma:: i mum 1185 .3 5877 7037 798 780
. Time at maximum 14:50 14:50 14:350 14:50 15:00 15: 00
! I+ 4+ 4344314+ 3 3+ ¢+ 3+ 42 F 3 4 2 3 1+ 33 L+ 3 3 44 23+ 3 3 1243 33 3 41+ 3+ 5

'L_.._'L.LA-.' P o) O Y

| %o T WYY

e el - g T
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h
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TABLE B-20. TEST NUMBER 8: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Hyster/Isuzu (No. 2)
Magazine: Stradley (B)

Sampling location: Rear

t 323+ 4+ 4+ 4 £ 4 2 4+ -+ 33 4+ 4+ + 1 1t 3 3 3+ 2 1 33 2 3 3 13T 3+ 12 43 1+ 2 13t 1t1 21t
Elapsed so2 co NO NOX AIR1 AIRZ
Time Time (FFE) (FFM) (FFE) (FFE) (CFM) (CFM)
8: 50 5 =1 0.2 223 165 427 408 B
GO0 15 571 0.3 2372 2741 497 451
G210 2s 599 0.8 2681 1728 505 504 o
120 5 657 1.4 2889 II9% 597 s58 ~q
9 70 45 754 1.7 2784 3275 499 487 -
9: 40 55 897 2.7 29¢48 3475 459 452 =
9:50 b5 768 1.9 2747 3254 4872 477 N
10:00 5 776 1.8 3042 3555 409 401 X
10210 g5 bdé 1.9 2818 3T79 458 a1 o
10: 20 5 786 Z.1 3197 3958 538 497 K
10: 30 105 798 1.8 I271 z8=8 506 s07 )
1040 115 C Yl 2.3 T944 4687 502 487 e
10: 50 5 814 2.4 688 4785 486 475 "
11:00 135 115z T.0 4714 4977 368 419 o
11:10 145 1074 2. 3990 4712 483 470 ]
11:20 155 1167 T.4 4470 5248 607 545
11230 165 1039 2. 7918 4528 608 590 R
11:40 175 967 3.0 3728 4545 585 502 S
11:50 185  ¥XX% KEKHE AKX KKK 564 27 nd
12: 00 195 ¥kkx KAXK KKK KKK % 668 673 N
12:10 205 KAEK KKK KKKN 1331 572 581 o
12: 20 215 KNKX KKK KKAX KKK sS4 491
12: 20 225 kXXX FERK KKK 1333 596 &24
12: 40 235 KkkK KEXE  KRRX ‘311 471 78
Mean 801 2.0 316t 735 S17 45z
Ma::i mum 1167= Z.4 4470 5248 668 6TT
Time at maximum {1:20 11: 20 11:20 11:20 12:00 12:00
s s e T S T T T T N T T T T T T S R T SN S E SR TS ES

- e e
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TABLE B-19.

TEST NUMBER 8:

CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Hyster/Perkins (No. 3)
Magazine: Stradley (A)
Sampling location: Rear
=3+ 4+ 4+ ¥+ 3+t 3+t 4+t 4+ttt i1 11+t rt+ 1+ ¥4t 32+t 3 311+ 1+ttt 5+
Elapsed sn2 co NO NOX AIR1 AlIRZ
Time Time (FFE) {PFPM) (PPH) (FFE) (CFM) (CFM)
&: 4% 0 T4 0.1 86 &4 444 444
8: 5% 10 H&O 1.7 3490 3958 479 4473
9:0%5 20 &HTH 2.1 3347 3851 S47 RTS
g:1% 0 591 2.8 4361 4857 559 S00
Q25 40 &7 3.3 4700 S064 S40 1S
9328 o0 708 3.5 4540 5011 499 468
F:45 & 1169 4.7 3S5I18 &174 451 453
9:55 70 864 4.2 S624 6179 Sé66 S35
10:05 g0 AR .4 S108 S487% 487 4454
10:15 EAR t:é: 1 4.4 4811 o853 571 562
10: 25 100 &8 S.h 4480 5937 b DY S2%
10: 35 110 737 2.9 4902 5836 327 I9e
10: 4% 120 €79 4.0 4875 S602 S05 S44
10:55 120 665 2.9 4264 4813 404 386
11205 140 780 3.9 444} 4976 547 sS40
11:15 150 716 2.9 4773 o694 389 47
11:25 160 842 Z.8 4878 5696 -y 394
11: 25 170 845 4.5 S5622 6470 S57 544
11:45 180 899 4.8 S540%5 6444 549 981
11:55 190 KKK XXKX  XNXX XXk ¥ 4737 427
12:05 200 kK X AEKEK  HNAX Xk kX &30 S77
2215 210 Ok X XKXEX XXX XK X 331 404
12:25 220 * XKk KRkE KAk XK AKKXK S87 S94
2:35 230 XX KK AKKXK NXKX XK X 444 4272
12: 45 240 1322 KKK KKK AKX KXk R KK X
Mean 722 .4 4462 5154 S00 497
Ma imum 1169
Time at maximum 9:495
4+ 334+ 1+ 4+ 3 3+ 3 3 5+ 1t 1+ 5+ 11 3+t 3 11t %1

N T T .
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TABLE B-18. TEST NUMBER 7: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Hyster/Isuzu (No. 2)
Magazine: Igloo (C)

Sampling location: Center

--------- Etlapced NO NOx
Time Time (PPM) (PPM)

14285 c 6.00  0.00
1435 10 1.76 2.52
14:45 Z0 3.86 4.34 R
14:55 20 4,78 5.3¢ >
15:0% ac 5.18  4.15
15:15 50 .36 7.19 <
15:25 40 6.23  7.45 7
g:35 70 .36 7,71 Zn
15:45 8 .45 7,71 A
15:5¢% 90 &.49  7.97
16:05 100 4.3 7.71 g
5
MEar 4.89 5.83

Max i mum é.4% 7.97 s
Time at Mav:mum 15:05 15:55 ]

——— i ——— - - - -
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TABLE B-17.

TEST

NUMBER 6:

CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Hyster/Isuzu (No. 2)
Magazine: Stradley (B)
Sampling location: Rear
3+ 5S35 3 5 ¥4 P - f——p-dd S f L St 5+ 3 3 3 3+ 24 2 4+ F 3 St
Elapsed €02 Cco NO NOX AIF1 ATRZ
Time Timne (FFE) (FFM) (FPFE) (PFE) (CFM™M) (CF™.
10030 5 184 1.8 578 642 527 D14
1Oz 40 15 100 .4 D710 Iz47 5¢1 Séé
10:20 25 534 I.30 22459 2657 947 35%
11200 35 709 T.4  Z6TE T147 574 575
11:10 4%, 1114 T.E5  28I0 I31i4 527 549
11:20 S5 95 2.0 1622 1964 605 S0
11: 70 &S 5282 2.0 1965 2T39 St 581
11:40 7S &H14 .7 235t 2771 568 oBes
1180 8o 6HES 2.7 2807 3146 968 &1
12:00 75 &EHY 2.9 2353 2814 Se?7 o9z
12210 10% HOS 2.5 2440 2937 o248 S82
12: 20 115 S15 T.0 2260 2748 T 525
12570 25 7 2.9 1903 2293 515 499
12:40 135 o= 2.6 1930 2333 586 Sa9
12:50 145 S5 2.7 1872 2272 41 =50
17200 55 g1 3.1 2260 2671 s77 &05
1310 165 571 2.5 1980 2760 630 645
13320 75 S87 2.5 1947 2368 40 S07
135 50 185 T 2.8 2742 2874 494 527
Mezan 418 2.8 Z161 2580 S5S7 S&2
Ma:: i mum 1114 3.5 2830 3316 &T0 b4
Time at maximum 11:10 11:10 11:10 11:50 15:10 13:10

B-22
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Operation: Warehousing
Vehicle: Baker-Deutz (No. 4)
Magazine: Stradley (A)
Sampling location: Forward
34—+ 4+ 4+ 3 2 13-t 4+ 113 2t 4+ 32 431 4+ 2 $ 2t 1 32 2 1t 22 32 - 45+ P
El apsed sQz2 NO NOX AIRZ
Time  Time (FFE) (FFE) (PFE) (CFM)
2150 € 5% 8] &7 13 287
15200 10 869 2. 3868 4550 473
13: 10 20 1031 4.7 98146 103516 926
13:20 I0 @31 4.2 Q376 10184 S0l
13: 20 40 877 4.7 9T&0 10063 485
17:40 50 954 4.8 10777 11354 444
1Z:50 &0 223 5.5 12010 13009 ze8
14:00 70 27 4.5 10067 10846 S06
14:10 g0 1032 S.0 10873Z 117246 SO0
14: 20 G QTS 4.4 9397 11084 S15
14: 70 100 12684 4.8 11437 12558 426
14:40 110 1157 4.5 11241 11772 z81
14: 50 120 1102 4.5 10853 11939 473
15:00 130 1224 4.9 10489 11642 448
15:10 140 88 3.7 8365 8941 4395
15: 20 150 956 4.7 9947 10573 547
15: 20 160 1188 4,7 10992 11556 472
15: 40 170 QL0 4.4 10072 10874 474
15: 30 180 12672 4.8 10083 11278 919
Meanr 98 434 10199 4467
Ma:imum 1724 12010 17009 547
Time at maximum 15:00 13:5 13:80 15:2

TABLE B-31.

TEST NUMBER 14:

CONTINUQUS AIR MONITORING DATA

B-36

, .- e
[P N ,,-.‘-’xhtv" C e

AP .-"
Yomm .

Lt

N £, TeTaT "
) PRI
. IO

R A v . 1 : . »

B SR



T T ——— U e Mt et vt b e ittt L Bah B Shem o on Ban s Aos 1 p &8 BA-R Lea aa . o > Tt B s

IS 14U

TABLE B-32. TEST NUMBER 15: CONTINUQUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Hyster Perkins (3)
Magazine: Igloo (C)

Sampling location: Center

Elapsed NO NOx
Time Time (PPMY  (PPM)

- e —— - — —— - - —————

135 20 14,19 11,09

MINFRRIUN " | Iy

g:
£:
g
N B:4% 30 12.87 xx%%x
. g:5¢< 40 12,13 %xxxx
- o1 0s 50 12,61 #xxxx
. @:15 & .17 10.0S
- 9125 70 11.61 11.09 3
[ § §:38 80 12,63 13.17
- @:45 @0 iz.08 14.2¢ %
= Me an 16.83 9,73 ]
Max imum 14.19 14,21 -]
. Time at  Mavimum 135 @:45
e ——————— — e —— e — e ————————
-
’i
¢
b‘/
t‘
.
g
I
L
.
b.
L
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3
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TABLE B-33. TEST NUMBER 16: CONTINUOUS AIR MONITORING DATA

Operation: Unloading

Vehicle: Hyster Perkins (3)

.j‘f‘ Magazine: Igloo (C)

b - Sampling location: Center

Elapse? ND NOx
ime Time PRFPMI (PPM)

12:34 ] 0.006 ¢.o0
12:44 e .98 .99
12:94 20 2.89 4,33
13:04 30 4,649 4,85 ]
13:14 40 4.42 4.89 g
13:24 SG 4.6 S.14
12:34 40 4.69 S.11 ’
13:44 26 4.9% 5.63 a
13:54 g 4,49 S.37 .
14:04 oL S5.21 .63 -
Mearn 3.81 4,18 R
Mavy imum .21 5.43
! . Time at Marimum 14:04 12:44
3 -
.
r
3
g
.; : :
Y ;
b ;
= -3
5 |
I- —1
. 2
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; .! TABLE B-34. TEST NUMBER 17: CONTINUOUS AIR MONITORING DATA

Operation: Loading
Vehicle: Hyster Perkins (3)

Magazine: 1Igloo (C)

Sampling location: Center

O 2

Elapsed NO NOx

Time Time YRPMG (PPMS
14124 0 1.7¢ .95
r 14144 10 3.43  3.55
14:sa 20 £.21  S.11 i
15:04 30 £.21 5,37
15:14 40 4.5 5,43
1524 5¢C .21 6.923
1524 60 .27 6.93
n 15:44 70 6.80  7.19
. 15:54 gt 6.80 7,73 3
- 1e:04 5¢ 2.06 7.7 !
16::4 100 6.53  7.4% .
:; a Mear 5.40 5.87 ‘
F. Mar mum 2,06 7.71
;o Time 3¢ Maximum 16:04 15:54 )
:' S TTTmmmmoTTTT T TT T T mIA s as s e 1
#
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l! TABLE B-35. TEST NUMBER 18: CONTINUOUS AIR MONITORING DATA

T e, Ll * " - - - - - . N - . -
WIS . PRGNSR WP, P AP S AP . P T N W W

';-LLLA;M‘ LR

~ . .
o Operation: Warehousing
e Vehicle: Hyster/Perkins (No. 3)
" Magazine: Stradley (A)
e Sampling location: Forward
- 52 4 4 >4 5 4 St i 2 F &4 3 F 2t 2422 42+ 1 41 1+ 5243 441 F 5 F BTt 2 54
El apsed SOz cn NO NO X ATF 1 AIRC
T me 1. me (FFE: (FEM) (FFEY (FFER) (CFM) (CFM,
Q.40 0 172 1.2 538 55% 247 20
S50 10 Gy 6.4 4781 5474 47 5T
I L1z X 54% 4.2 45&7 5058 4 4.6
M AN o S 7.4 5647 6751 415 41c
10:20 4 7, 7.6 S0 5874 474 445
10320 505 T 6.2 S019 Se11 465 Tz
1040 & S&C 7.2 S1IC 6155 4G i
i 10:50 7 1 1.1 8476 10157 T7G T
l. 110w g Pty F.0 6542 7006 437 Tat
- 11:100 e G0 7.0 6438 7258 407 4
11: 20 10 Tl Z. 0T 4081 4764 4
11:20 1t I R2% 1222 N Y 3 1338 (1S3 Y] SN
11:40 120 IX2Y FEEE KK 2R AEx TSR
11:50 1320 1323} KEKE XK XXX HOK K ¥ 1233
.-. Me an ar7 6.5 S050 S754 403 T
Ma: i mum 1550 10.1 B8471& 10187 499 44¢
Time at ma.:imum 10350 10: 50 10:50 10:S0 e D e 20
i+ 3 33 2 3 S F 3 3 4334 2 3 34+ 4+ 4+ E 54+ ++ + 2+ 3 2+ 3 £ 3 3 22 i
X
-
|
{
i
o
..J
B-40 -?
T VTP UL S R oA CEACTAS T X




TABLE B-36.

Elapsed
Time Time

45 <

c:E5 15

{ 10z 0 o

10115 b

1e 25 5

o 10: 35 55

10 4% &5

, 10:55 5

I§ 11:08 g

: 11:15 G5

11:207 105

11:35 115

11:4% 175

11:55 st

. ) L 145

- 12015 155

171 2% 165

‘ oIS 175

~ 173245 185

R it 195

i Mear

Ma: 1mum

Time at ma. 1mum

TEST NUMBER 18:

562
(FFE)

157
1118
@354
13002
1515
1710
1497
1220
1124
1108
F&HH
1297
1560
15872
1291
1022
1479
1149
kK ¥
LR8P

1295

1710

10 75

co
(FFM)

O N N N I N

G L BB B R BB S
K. e

1
i

LS8 8
LR 2R

=.8

5.0

10: 28

CONTINUOUS AIR MONITORING DATA

NO
(FFE:

9531
10286
10604
12792
12999
12965
172709
1412&
11719

9998
11049
12107
12010
12589
12579

8820
12095
101729

¥ KK

XXX

11711

14126

10:5%

E Operation: Warehousing

i - Vehicle: Baker/Deutz (No. 4)
f L Magazine: Stradley (B)

- Sampling location: Forward

NO X
(FFE)

5787
11499
11710
14282
13900
15544
13991
14624

12587
10522
12458
172970
14091
14008
12987

9SES

12380
10771
IR RS
1S 8 8 )

12779

15544
i
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TABLE B-37. TEST NUMBER 19: CONTINUOUS AIR MONITORING DATA

R R e 3
' MR RS
. 2 P S ) .

Operation: Warehousing

Vehicle: Baker/Deutz (No. 4)
Magazine: Stradley (A)

Sampling location: Forward

Bt

B T T T T T N T E T T T T EEC T T I T T T T T EST ST EI RIS =T
Elapsed 802 co NG NOX AIR1L AIRS
b - Time Time (FFER) (FFM) (FFE) (FFE) (CFM» (CFM
17:70 O 106 0.2 207 158 441 26T
17:40 10 1018 2.6 &796 7389 52 417
£ 13:50 20 1144 T.5 9250 4682 74 298
14:00 30 1246 4.5 11953 13290 371 07
X 14:10 4 1605 5.0 11684 12982 S11 0
: 14: 20 S 1445 S.0 12379 1321% 434 R
: 14: 30 & @70 T.3 9776 10692 428 294
. 14:40 70 19 2.0 9556 1033% 445 S07
. 14:50 80 1029 Z.7 897% 2426 455 76
15:00 9 &0 1.9 843=¢6 G065 496 408
15:10 100 147" 4.1 11004 11962 4449 457
- 15: 2¢ 110 2ze 4.2 10812 11452 465 471
15: 20 120 1087 4.5 9189 10565 447 473
15:40 120 890 J.3 9417 10714 515 44
. 15: 50 14 1208 .9 11247 123461 874 434 -
16:00 150 1719 4.0 10027 10710 475 T4 !
16:10 160 1224 3.8 11074 116346 454 257 1
; ] 16: 20 170 1274 T.9 11603 130673 507 328 1
Mean 1104 .5 Q&I 10489 4467 81 -
- Ma:: imum 1605 S.0 12379 13390 s34 S03
’ Time at maximum 14:10 14:10 14: 20 14: 00 15: 50 14:40C
I F 3 3+ + t t 3+ 1 3 1 1t 2t 1t 1ttt i1 ittt 1t 13t 1t 1313t t 3132 t1 t+ 1 1+ 1t 3 3+ 3+ 3 3 ¢ 1 -
[
B-42
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TABLE B-38. TEST NUMBER 19: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Baker/Deutz (No. 4)
Magazine: Stradley (A)

Sampling location: Rear

4+t 2 2 2 2 2+ L & 1t 2+ : 2 2t 1 2 + £+ 2 F I E 1 2 3 i X 32 T 1 3 3 1T 1 1 1 113 %4

Elapsed soz Cco NO NOYX AIR1 AIRZ

T.me Time (FFE (FF™M) (FFE) (PFE) (CFM) (CFM-
17: 75 ) 791 2.0 5282 54464 494 794
13:4% 1% @T7 .9 8901 o589 409 oz
17:59 25 1045 4.9 107673 120673 424 14
14:0% 5 1024 4.7 11325 12517 &30 29
14:15 5 1067 5.0 11004 12059 472 81
14: 25 S5 10232 4.2 11246 12032 448 94
14: T S 805 T.4 8974 @787 424 272
14:4° S 811 2.7 9184 10037 467 44¢
14: 55 a5 8oz 2.7 93328 10011 4556 410
15: 05 95 985 2.9 BO8s 871= 421 I00
15:19 10T 1242 4.6 11120 12327 499 95
5: 05 115 1060 4.5 10880 11340 531t 475
15: 7% 25 7St 3.5 9600 1041 522 42¢
15:4%5 5 841 3.2 8930 9858 S47 471
15: 8¢ 145 8™ .1 9477 10259 S21 451
16:05 195 1019 4.3 10418 11283 S47 SO0
16:15 165 81 3.5 9&74 10480 444 171
16: 25 175 941 3.7 8876 9597 481 72
Mean 94+ 3.7 9594 10477 478 67
Ma:1mum 1247 5.0 11328 12517 47 SO0

T.me at max<imum 15:15 14:15 14:05 14: 05 16: 05 16: 08

3+ 3+ + ¥+t + 1t -1+ttt 1ttt 311t i1+t 131+t &t 32+ 32 + 1 -+ 1 £+t 1 251

B-43
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TABLE B-39. TEST NUMBER 20: CONTINUOUS AIR MONITORIKNC DATA

Operation: Unloading
Vehicle: Hyster/Isuzu (2)
Magazine: Igloo (C)

Sampling location: Center

Elapsed NO NOx
Time  Time  WFRMY (PPM)

@ = - ———— o — - - e = - - = —

G155 0 G.00 .00
16G:CS 1a 2.5E 4.5¢
10:1% 20 .71 6.71
10:25 3c &, 51 4.71
10:35 40 .23 7.2%
10:4S S0 6.22 7.23
10:5¢ & 4.2%3 &.71
11:0% 70 S.71 5.91
11:1% =11 4,91 .65
111:2% Q0 5.18 é.18
1132% 100 S.1e .45
11:4% 110 €.18 5.91
Mear 5.05 S.71
Max 1My é.91 7.23
Time at Mawimum 10:25 10:3S

- A - YL - Gn W - . -

B-44
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'I TABLE B-40. TEST NUMBER 21: CONTINUOUS AIR MONITORING DATA

Operation: Loading

Vehicle: Hyster/Isuzu (2)

(]

: Magazine: Igloo (C)
Sampling location: Center

Elapsed NO NOx
Time Time (PPMY  (PPM>

12:29 o .64 63

r 12:3% 10 .37 1.43
12:45 20 1.98 4.07
12:55% 30 4,11 4,88
13:08 40 4,45 S.45
13:18 S0 S.18 5.39
13:25 é0 5.45 5.39
13:3% 70 5.4%5 S5.65

ﬂ 13:45 g0 4.5 5.45
13:5% G0 c.18 6.18
14:0% 100 S.18 S.65
14315 11e 4.65 é.18

. Mearn 3.9¢& 4,73
Max 1mum 5.45 é.18
Time at Maximum 132:25% 13:5%5

B-45
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TABLE B-41. TEST NUMBER 22: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Hyster/Isuzu (2)
Magazine: Igloo (C)

Sampling location: Center

Elarced NO NOx
Time Time (FPEM)Y  (PPM

19:00 ( 0.00 g.aQ .

15210 10 Z2.51 4.07 _]
15120 20 4,65 5.65 o
18:30 30 4,45 5.45 -
15:40 40 5.18 6.18 ]
15:ET sC 4,91 S.91 N
16:00 40 4.91 5.91 ]
16:1€C 70 5.18 §.18 _

1¢4:20 20 5.7 ¢.44 q
16:30 90 .23 6.18

Mearn 4.39 5.22 N

Max imum 5.71 6.44 )
Time at Maximum 16:20 16:20

- ———_— - ——— - — — - = = - = -

WARRERE P} B
AP P . s .

... .,..
"-It..“’

B VoeR
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TABLE B-42. TEST NUMBER 23: CONTINUOUS AIR MONITORING DATA

Operation: Unloading

Vehicle: Baker/Deutz (4)
Magazine: 1Igloo (C)

Sampling location: Center

'.'_.._.'_.. ’,
R I_L_L‘,.

-—

Elapsed NO NOx
Time Time (PPM2 (PPM)

i0:L5 0 0.0C .00
10:25 10 7.42 7.80
1625 z0 .14 9.25%
10:45 30 ?.59 10.51
{0:55 40 9,77 10.87
111059 56 11.39 11.24
11:15 60 12.84 12.S0

1:2% 20 13.38 14.31
11:325 &C 13.62 15.04
11:4% o 13.5¢ 14.8¢
11:88 160 11.0% 1S.04
Mear 14,00 11.04

Max ) mum 13.5¢ 15.04
Time &t Maximum 11:4%5 11:3%

- - = Y " —— - - . ——— o ———
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TABLE B-43. TEST NUMBER 24: CONTINUOUS AIR MONITORING DATA ’?

Operation: Loading

Vehicle: Baker/Deutz (4)

N

Magazine: Igloo (C)

Sampling location: Center =
Eiapsed NG NO»:
Time Time (PPM)  (PPM)
_____________________________________ . 4
- - -
12058 G 92 1.10 -
12018 10 *xxx 1,10 b
13T 20 2.4% 5.63
121328 3C é.70 8.70
12:89 4c 8.50 10.49
17188 sC i0.13 13.23
14:CC &G 11,76 13.41
14:1¢% 7C 12.48 12.41
14:25 an 12.20 13.41
1638 o 12,30 13.0%
19142 150 ¥y *FXK
143 ES 11c 11.57 12.8&¢
19ne 120 12,32 1Z.8¢6
1818 120 i0.67 10.87
Mear 8,72 9.37
Max tmum 12.48 13.41
Time z2* Maoamem 14318 14309

= - ———— - —————

A
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TABLE B-44. TEST NUMBER 25: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Baker/Deutz (No. 4)
Magazine: Stradley (A)

Sampling location: Forward

Elapsed soz2 Co NO
Time TLne FEER: fEFEPMD (FFE)

g l 7 4.1 117
QoG 160 17728 1.2 8687
@1l D 1719 1.8 8270
G2 BN 1741 1.9 Q&7
F:T0 40 1245 2.0 1124¢
Geodo S 1§44 2.5 10847
G i o 180 7.9 11174
: T 1809 4.0 10718
g 157 4.7 111eT
G- IR EE EXEY O RAEK
N 1757 4.4 10105
112 1056 2.7 ®407
1207 1957 4.9 10885
125 1978 4.8 110173
145 1724 T.8 10766
155 2175 4.7 11162
& 171% T.6 10774
1= 1905 4.5 11291
8= 1464 .4 10672

Mear: 16847 I.5 9848

Ma, 1mum 21
Time 2 mayimum 11:25 10: 55 Q70

MRS AR A A A i S R A A AR

PEI

+

i
-t
el e

NOX AIRL Al
(FFE) (CFM: (CFM

70 TsE
978 400E :
9057 56 d
S86e 7 |
17717 =75 :
11576 =64
11907 =25

‘
11940 z7E ]
11580 =44 o i

K ¥ 478 17T
10805 395 Th
4687 o118 TLT
1207 & 410 2!
117264 4737 i
11951 450 T2E -
12207 A 280 !
10928 TIE T
122773 459 T47

11860 AR T3E

107173 z7z o5z
12273 455 354
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TABLE B-45.

Operation:

TEST NUMBER 25:

Vehicle:

Magazine:

Sampling location:

P A G 00 SR 7 Aa R I Tasc Sert A dht_2nd

CONTINUOUS AIR MONITORING DATA

Warehousing

Baker/Deutz (No. 4)

Stradley (A)

Forward

Elapsed

14:25
14:735
14:45
14: 5%
1%:0%

15:15

Mean

Ma:s 1 mum

Time

i
10
o0

O

4

5

&0

7

=1

il
1030
110
120

170

S0z

(FFE)

74
&4
717

1008
110
1272
8&7
1181
1176
F41
1487
147 ¢
F=E
XK R K

G

1476

Time at masimum 14:5%5

cao
(FFPM)

NO NOX
(FFER) (FFE)

159 125
1266 1880
5487 5721
7592 g152

g§919 G20
418 106232
7694 81728
74773 705
4815 73280
7047 7574
779 7648
8300 QEITT
7074 749
&827 7462

AlIR1
(CFM)

6574 7016 426 312
418 102352 S6 520
13:85 1%: 55 14:45 14: 3%

A

S Bl A w )

B-50
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TABLE B-46. TEST NUMBER 26: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Hyster/Perkins (No. 3)
Magazine: Stradley (B)

Sampling location: Forward

Elapsed cQr co N NOX cIR1 eIRT
Time Time: TR (FFEM; (FFE? (FFPE} (CFM: CCFM-

&8:55 o 442 2.6 II9% TH44 IL4a 24
Q05 15 19465 12.5 104321 1187z R 25E
Q:18 29 1124 ?.8 7092 77IE TS6 T
G IT R N .7 9053 1015% 57 Z0E
.5 45 Ak K KX KAk & LRSS ] L &3 ARV

:48 bt ¥R k¥ ¥y KkkX LR 2R ¥ X xR ¥ XK
e85 5% ¥k k¥ FhkE  KEkK LE R & K ¥ ¥xxi

Me arn 1102 9.7 T4%2 6782 47 86

Mz 1 muun 12,5 10471 118775 e R

Time at m @05 AR Q: 05 9:25 G::5
- . »f . AR ~

. MERM-w X ¥ W

P I O

- emmm iy

.-

-~



.! TABLE B-47. TEST NUMBER 27: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing

Vehicle: Hyster/Isuzu (No. 2)

=
‘ Magazine: Igloo (C)
AR Sampling location: Center
“ -
- Elapsed NO NOx
Time Time (PPMY (PPM)
\ €:22 ¥ 0.00  0.00
|- €:22 16 3.81 4,90
NS E:4z 20 5.98  6.5%
‘ €52 30 6.70  7.42
G102 4% 6.88  7.44
9:12 S0 72.064 ?.98
@:22 40 6.952 7.62
9332 70 6.70 7.80
. ¢142 80 6.70 8.16
. §9:52 70 7.06& §.34
10:02 10¢C 7.42 8.7
101z 110 7.6  9.42
10122 120 7.96  8.16
Mean é.1¢ 7.13
o
‘ May imum 7.96 ?.43
Time at Maximum 10:22 10:12
|
b

B-52
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TABLE B-48. TEST NUMBER 28: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Baker/Deutz (No. 4)
Magazine: Igloo (C)

Sampling location: Center

Elapsed NO NOx

Time Time (FPM3Y  CPPM)
12:21 0 0.0G 0.0C
12:30 10 .25 7.07
12:41 20 12.12 12.14
2:51 36 16,81 17.3°
i 40 17.17 17.9%2

et
il .

Y
Mear 16.27 10.91 f}
Max tmum 17.17 17.93 ey

Time at Meaximum 13:01 13:01

- —— - - - —— - . on . W - -

B-53
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v rvev v v

Y YTy vvw

e A

R e e e gl g

P T —————mw

-t t-—b%- 2 3+ F 3 3 3 3+ 3+ + 3 1+ + 1T 3+ T 3+ 22 1+ - 1 2 1 4 1 2 3 1 1 1 L
AIRZ
(CFM?

12: 70
12240
TN
L2 0)
17:10
17: 20
17220
17:40

17:50

Mean

Ma:imum
Time at maimum 12330
FF -+t T 1t 1ttt ¢+ 1 1ttt 313t 1t 1t 1+ 111ttt 1+ 1+ 1+ttt + 1+ 1+ 133+ -+ttt ¢+t 3+ 5

TABLE B-49.

Elapsed
Time

Operation:
Vehicle:

Magazine:

Sampling location:

S0 1354
40 1272
=0 14682
&0 1271
70 1521
=1w) 1127
GO 98
100 1127

110 1094
1220 1711
1322 1192
140 1444
L] 1&08
140 1578
170 1747

1249

1747

TEST NUMBER 29:

Warehousing

soz2
(FFE)

Tl S S N R

-
-

-

Mo N»O@OG

MM PP YD D W R

13

Hyster/Isuzu (No. 2)
Stradley (B)

Forward

NO

(FPFE)

-y -
2127
oy
EIRAKS

779
T7I0
3166
3792
3292
Te1T
3170

252

417%
4021
4397
40729
5154
s5278
SQ6=
&O04

4018

HOO4

B-54

NO X
(FFE)

2536
3641
4561
4218
T4H65
457 =
4187
4289
640
3721
4571
4912
S199
4702
60358
6217
7160
7010

4712

7160

13: 40

CONTINUOUS AIR MONITORING

AIR1
(CFtt)

441

39z
400
453
64

-
-t

214
367
155
269

- 1
ot i

Z07
207
369
249
291
509

41

44z

a s

270
oy
236

250

RN

40¢
11:50

et




c lp TABLE B-50. TEST NUMBER 30: CONTINUOUS AIR MONITORING DATA

Operation: Warehousing
Vehicle: Baker/Deutz (4)

Magazine: Stradley (A)

PR T ERE R

< Sampling location: Forward

|
e aam

Elapsed S02 Co NO NOX AIR1 AlRZ
Time Time {PPE) {PPM) (PPB) (PPE) (CFM) {CFM)

t
i
]
|
1
]
]
1
]
]
]
i
]
1
|
]
]
B |
l
[]
]
1
]
]
]
]
]
)
]
]
1
]
]
]
]
]
]
]
]
]
|
]
{
1
]
]
]
]
]
I
]
]
1
]
1
1
]
]
[]
[]
1]
E VA ARION

g:50 0 37 4.1 117 70 258 220
9:00 10 173¢ 1.2 8687 9728 403 31C 4
9:10 20 1719 1.8 827¢ 9997 3564 340
920 30 1341 1.9 9627 9886 357 32¢
§:30 40 1845 2.4 11348 12217 339 248 -
. 9:40 Su 1Bad 2.9 108647 11576 384 10a .
D 9:50 &0 1824 2.9 11134 11907 325 183 Kk
;T 10:00 70 1829 4.0 10715 11940 375 17¢ -
. 10:1¢ 80 193¢ 4.7 11143 11980 344 86 i
10:20 90 REER EEREE  RERR YY) 428 13z 4
10:3% 1GS 1743 4,4 10105 10805 395 264 :
10:45 115 1096 2.7 9403 9487 318 213 a
{0:5% 125 19%2 4.9 10885 12074 412 261 ;
11:09 135 1978 4.8 11013 11726 433 313 N
11:1%5 14% 1724 2.8 10744 11951 450 32% h
11:25 1595 2175 4.3 11192 12227 335 28¢ ;
11:3% 14S 1715 3.6 10374 10928 334 354 b
11:45 17S 190% 4.5 11291 1227 459 347 |
11:5% 185 1444 3.4 10472 11840 353 33¢ )
. Mean 1663 3.5 984¢ 10713 372 252
- Max imum 217% 4,9 11348 12273 459 354
i l Time at maximum 11:25 10:55 9:30 11:45  11:4%5 11:35
3+ ¢+ + -+ -t + 2+ 3+ + 24+ S+ 2+ F + 3 3+ 3+ 3 33 F L 23 41333t +4 33
G
b B-55




APPENDIX C

CHARACTERISTICS OF TEST FUEL

C-1
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-

N
X TABLE C-1. TEST FUEL DATA
) - Low sulfur High sulfur
\" EPA DF-2 certification MIL-F-46162B(ME)
} o Fuel Fuel
- Characteristic specifications | Analysis | specifications | Analysis .
| Gravity, API 33-37 33.1 N/A 32.9 é?
| Density, g/ml NA NA Report 0.8603 ]
| Flash Point, °C 49 66 Report 70 -
i Cloud Point, °C NA NA -13 -18 .i
Pour Point, °C NA NA -18 -20 ‘
Viscosity, cSt, at 40°C 2.0-3.2* 3.0 1.9-4.1 2.66
Distillation, °C
.‘ 1BP 171-204 198 Report 193
: 10% Recovered 204-238 239 Report 228
50% Recovered 243-282 273 245-285 264
90% Recovered 288-321 312 330-387 319
EBP 304-349 338 385 max 357
‘ u Carbon Residue
| (10% bottom) NA NA 0.20 max 0.16
| Ash, % wt. max NA NA 0.02 0
| Cu Strip Corrosion NA NA 1 max 1A
Acceleration stability
mg/100 ml NA NA 1.5 max 1.83
Neutral Number NA NA 0.2 0.04
Aromatics, % vol 27.5 min 37.8 Report 37.9
. Sulfur, % 0.2-0.5 0.4 0.95-1.05 1.03
. Cetane Number 42-50 47.1 40-45 53
Particulate, mg/1 NA NA 10 max 10
3 ,
*Viscosity at 37.8°C (100°F).
C-2
]
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APPENDIX D

DAILY METEOROLOGICAL CONDITIONS

R | S

D-1
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TABLE D-1. DAILY METEOROLOGICAL CONDITIONS _

-4
Mean '
Mean barometric Wind .
Test Test temperature pressure speed Wind e
number date (degrees F) (torr) (mph) direction t:
1 07/23/84 97 765 8 SW A
2 07/24/84 86 765 6 NE o
3 07/24/84 86 768 6 NE B
4 07/25/84 72 767 2 W -4
5 07/25/84 72 767 2 NE ﬂ
6 07/26/84 67 764 5 3
7 07/26/84 67 764 5 :
8 07/27/84 74 766 5 NE
9 07/27/84 74 766 7 N !
10 07/30/84 2 767 3 SE .
11 07/30/84 82 767 6 S -
12 07/30/84 82 767 6 S '"j
13 07/31/84 89 764 2 S -
14 07/31/84 89 764 7 SW
15 07/31/84 89 764 1 S
16 07/31/84 89 764 7 SW
17 07/31/84 89 764 8 SW
18 08/01/84 90 764 5 SW
19 08/01/84 90 764 7 SW
20 08/01/84 90 764 5 SW
21 08/01/84 90 764 7 SW
22 08/01/84 90 764 7 S
23 08/02/84 90 764 2 S
24 08/02/84 90 765 3 S
25 08/03/84 99 765 4 S
26 08/03/84 99 763 4 SW
27 08/03/84 99 763 4 SW
28 08/03/84 99 763 6 W
29 08/03/84 99 763 5 W

D-2




....................

AL S EAAEE A A REA A ArSs adis e st uhiC AR i Al ST

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS

- BEFORE COMPLETING FORM
1. REPORY NUMBER 2. GOVT ACCESSION NO.J 3. RECIPIENT'S CATALOG NUMBER
. A < b
AN- 41952y e

4. TITLE (and Subtitle) . S. TYPE OF REPORT & PERIOD COVERED

Measurement of Exhaust Emissions from Diesel- Final report

Powered Forklifts During Operations in Ammunition |July 23, 1984 to March 15, 1985

Storage Magazines - Phase II 6. PERFORMING ORG. REPORT NUMBER

PN 3611-2
7. AUTHOR(s) 8. CONTRACT OR GRANTYT NUMBER(s)
Leslie J. Ungers -DHIQH’Z’J-—SB’C Y33

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

PEI Associates, Inc. (formerly PEDCo Environmental,|  AREA® WORKUNIT NUMBERS
Inc.), 11499 Chester Road, Cincinnati, Ohio 45246

11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Belvoir Research and Development Center February, 1985
Ft. Belvoir, Virginia 22060 “'"“"°5“°{;gﬁes
4. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Oftice) 15. SECURITY CLASS. (of this report)
Unclassified ]
—3
15a. DECLASSIFICATION/DOWNGRADING ’
SCHEDULE .

P —————
16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release
Distribution unlimited

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identily by dlock number)

Diesel engine Nitrogen dioxide .Sulfur dioxide ‘:Industrial hygiene ,
exhaust pollutants. Nitric oxide Particulate - Odorants
Carbon monoxide Sulfates PAH - ‘ s
Nitrogen oxides,(NOx) Sulfites Worker exposure ]
Pndoor 35T qua 1?3,"571‘6 mrﬂ(er expagumbw.éﬁgcﬁlgﬁ'{%red in Stradley and Igloo- -

type ammunition magazines during the use of diesel-powered forklifts. The mon-
itoring took place during storage and handling operations. The test vehicles
included a Still forklift powered by a Deutz %F3L912 W) engine, a Hyster fork-
1ift powered by an 1SUZU (C240) engine, a Hyster forklift powered by a Perkins
(4.158) engine, and a Baker forklift powered by a Deutz (F3L912 W) engine. Both .;
breathing zone (personal) and continuous (area) monitoring data were collected

during the operation of these vehicles. Total suspended particulates,

Fone . e
DD \ax s £D1TION OF 1 NOV 63 1S OBSOLETE .

SECURITY CLASSIFICATION OF THIS PAGE (When Deate Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered) —4

polycyclic aromatic hydrocarbons (PAH), carbon monoxide, sulfates, sulfites,
sulfur dioxide, nitrogen dioxide, nitric oxide, oxides of nitrogen and odorants
were monitored.

The test results indicate that the impact of diesel exhaust on breathing zone
exposures and magazine air quality depends largely on the type of operation 4
being performed and the type of magazine being used. Of the two operating ’
scenarios investigated (i.e., loading/unloading and warehousing), warehousing
presents the greater potential risk to the health and safety of Army personnel.
Of the two magazines investigated (i.e., Stradley and Igloo-types), Igloo-

type structures of the size encountered in this study are likely to contribute
to a hazardous situation. . \ . -

Breathing zone exposures and magazine air quality data were compared with the
OSHA permissible exposure levels and ACGIH-threshold 1imit values. Under the
operating conditions, ventilation, and temperatures experienced during the test;
nitrogen dioxide, nitric oxide, and carbon monoxide may pose a health risk to
Army personnel in small structures similar in size and design to the Igloo-type
magazines.

A performance hierarchy can be suggested from the results of the air monitoring
data. The Still-Deutz and Hyster-Isuzu vehicles appear to have out performed

the Hyster-Perkins and Baker-Deutz forklifts. Under the conditions tested the
Stil1-Deutz and Hyster-Isuzu did not exceed any of the OSHA permissible exposure .
1imits for the exhaust components measured. !
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